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PREFACE TO THE FOURTH EDITION. 


This edition baa been carefully revised, and in many 
important respects modifiedt 

Several passages relating to questions which were 
under controversy when the earlier editions appeared 
have been removed, — those questions having been 
decided by new evidence, in the sense advocated in 
the original text* 

I have also omitted several passages from the last 
chapter, as expressing a more conhdent opinion about 
matters connected with the supervision and control 
of the universe than I at present entertain* 

Eighaud Af Pkootob, 




PROM THE 


PREFACE TO THE SECOND EDITION. 


Among- the additions whioh have been made to the 
matter contained in a former edition are two which 
require some notice. 

The first consists of new evidence against the 
theory that the cloud-belts of Jupiter and Saturn 
are raised by the sun's heat. I find it difficult to 
oonoeivo how this evidence can be interpreted other- 
wise than by the theory that the belts of the giant 
planets are generated^ maintained, and modified by 
forces inherent in those planets, and not by any action 
exerted from without. 

The second is the matter contained in pp, 264,* 
265, 274—270, and illustrated by the large plate 
facing p. 276. Rightly understood, the evidence 
there presented is conclusive in favour of the two 
theses, that- — 

^ For tho preset! ti edition (1002) these figures should be 240i 
250, 2B9-2G4 and 260. 
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1. WUhm the Umita which inchide the stem's visible 
to the naked eye there are Icma of aggregation and 
segregation which the theonea hitherto accepted respect- 
ing the fixed stars wholly fail to account for. 

2. The Milhy Way is not, as hm been so long 
sxipposed, a stratum of stars of all orders extending 
to distances very far exceeding, relatively as well as 
fositivel/y, the Mstanees of the Uioid stars, — but is a 
stream of small stars, amidst which ma/n/y of the lucid 
stars are immersed. These points seem to be as 
completely demonstrated by the evidence adduced as 
relations of the sorb can ever be. 

Richard A. Proctor, 


Lokdon ! Otteibtr 1870. 


EXTRACTS FROM THE 

PREFACE TO THE FIRST EDITION 


On many of the subjects dealt with in this work> 
I have propounded views which differ from those usually 
accepted, Each of the new views here presented has 
been the result of a careful study of the subject dealt 
with, and I have searched as anxiously for considera- 
tions opposed to any novel theory, as for arguments 
in its favour. 

My theory respecting the sidereal system has been 
based on the signs of systematic aggregation among 
the lucid stars, and of a more intimate association of 
those stars with the Milky Way than could be 
expected were Sir William Heraohel’s fundamental 
theory correct. 

The theory brought forward in the chapter on 
Meteors and Comets is not altogether new. The 
general idea on which it is grounded has been dealt 
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with hy Mayer and Thomson. The idea, however, 
presented itself independently to my mind when I 
was writing my treatise on Saturn. The line of 
reasoning is wholly new, I believe, by which I have 
endeavoured to show that those peculiarities of the 
solar system which have hitherto been regarded as 
affording the strongest objeotipn to the hypothesis of 
development, may be regarded as in reality the direct 
result of the processes by which the solar system has 
reached its present condition. In the preface to my 
treatise on Saturn I touched on the possibility that 
some such explanation of those peculiarities might be 
found, remarking that in the rings of Saturn astro- 
nomers may one day recognise the action of the 
processes by which the solar system has attained its 
present state. 

RiOHAnnA. PnooTOR. 


London s May 1870. 
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OTHER WORLDS THAN Otm 


INTEODUCTION. 

As'moNOMY and Geoloqt owe raiioh of their charm to 
the fact that they suggest thoughts of other forms of 
life than those with which we are familiar. Geology 
teaches us of days when this earth was peopled with 
strange creatures such as now are not found upon its 
surface. We turn our thoughts to the epochs when 
those monsters throve and multiplied, and picture to 
ourselves the appearance which our earth then pre- 
sented. Strange forms of vegetation clothe the scene 
which the mind’s eye dwells upon. The air is heavier 
laden with moisture to nourish the abundant flora; 
hideous reptiles crawl over their slimy domain, battling 
with each other or with the denizens of the forest ; 
huge bat-lihe creatures sweep through the dusky 
twilight which constituted the primeval day; weird 
inoaisters pursue their prey amid the ocean depths : 
and we forget, as we dwell upon the strange forms 
which existed in those long past ages, that the scene 
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now pi*6fl6ntG(i by tbo omctli is no less wondorfulj nnd 
that the records of our time may perhaps seem one day 
as peiplexing as we now find those of the geological eras. 

Astronomy has a kindred charm. We cannot in- 
deed examine the actual substance of living creatures 
existing upon other celestial bodies j we cannot pic- 
ture to ourselves their appearance or qualities j and 
only in a few instances can we even form any con- 
ception of the conditions under which they live. But 
we see proofs on all sides that, besides the world on 
which we live, other worlds exist as well cared for and 
as nobly planned. Nay, wo see globes by the side of 
which our earth would seem but as a tiny speck j we 
trace these globes as they sweep with stately motion 
on their appointed courses 5 we watch the return of 
day on the broad expanse of their surface 5 and we see 
systems of satellites which are suspended as lights for 
their nocturnal skies. We further find that our sun is 
matched hy a thousand thousand suns amid the im- 
measutable depths of space 5 and the mind’s eye pic- 
tures other worlds like those which course around the 
sun, travelling in stately orbits around his fellow 
lumiiiniies. 

Long, however, before the wonders of modern astro- 
nomy had been revealed to us, men of inquiring minds 
seem to have been led, as by an irresistible instinct, to 
examine into the resemblance which may exist between 
our world and other worlds surrounding it on every 
side. It has not been the mere fanciful theoriser who 
has discussed such questions, but men of the highest 
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eminence in science. In long past ages Anaximander 
and Pythagoras studied the subject of other worlds 
than ours \ later, such men as Huyghens, Galileo, and 
Newton have dwelt upon the same interesting theme 5 
wliile, in our own day, Wliewoll and Brewster have 
employed their scientific and dialectic skill in defend- 
ing rival theories upon the subject. 

Undoubtedly, a large share of the interest with 
which the question of other worlds than ours has been 
regarded is duo to the fact tliat, as the science of 
astronomy has progressed, the subject has continually 
presented itself under new aspects. The question, iu 
fact, is one of those which are over now and ever old. 
It has all the charm belonging to subjects which men 
in all ages have delighted to discuss, while it is asso- 
ciated in the most intimate maimer with the progress 
of modern scientific research. The discoveries which 
are made by astronomers acquire a new interest when 
they are associated with the subject of life in other 
worlds, The interest with which the public regard 
many of those discoveries may, indeed, be said to 
depend wholly on their bearing upon this subject. 

Wo stand in a position much more favouvahlo for 
the formation of just views on the subject of life in 
other worlds than that from which men surveyed the 
planetary and stellar systems thirty or forty years 
since. Never, since men first explored the celestial 
depths, has a series of more startling discoveries re- 
warded the labours of astronomers and physicists than 
during the past few years. Unhoped-for revelations 



4 OTKElt WOltLDS THAN Ol/ItS, 

have been made on every side. Analogies the most 
interesting have brought the distant orbs of heaven 
into close relationship with our own earth or with the 
central luminary of the planetary scheme. And a 
lesson has been taught us which bears even more 
significantly on our views respecting the existence of 
other worlds : we have learned to recognise within the 
solar system, and within the wondrous galaxy of which 
our sun is a constituent orb, a variety of structure and 
a complexity of detail, of which but a few years ago 
astronomers had formed but the most inadequate 
conceptions. 

My object, then, in the pages which follow, is not 
solely to establish the thesis that there are other worlds 
than ours, but to present, in anew and, I hope, interesting 
light the marvellous discoveries which have rewarded 
recent scientific researches. Judged merely according 
to their direct significance, those discoveries are full oi 
interest. But it is when we consider them in their 
relation to the existence of other worlds, when we 
attempt to form a conception of the immense varieties 
of the forms of life corresponding to the innumerable 
varieties of cosmical structure disclosed by modern 
researches, that we recognise their full significance. 
Although the growth of our knowledge is over accom- 
panied by a proportional growth of our estimate of the 
unknown, we seem already entitled to say that we have 

Come on ttafc wMoh is, and onught 
Tho deep puleationa of tbo world, 
iEonlan nnisio, measuring out 
Tho steps of time. 
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OITAPTEU I. 

WHAT OUR BARTH TEACHES US. 

Before proceeding to consider the various oircuin* 
stances under which the worlds or systems which 
surround us appear to subsist, it may be well to 
inquire how far we have reason to conclude, from the 
consideration of our own earth, that other orbs in 
space support life. 

It would not be just to argue directly from the fact 
that the earth is inhabited to the conclusion that the 
other planets are inhabited also, nor thence to the con- 
clusion that other stars have, like our sun, their attend- 
ant worlds, peopled with various forms of life. An 
analogy founded on a single instance has no logical 
force. And it is doubtful whether wo have not, in the 
moon, an instance which would as effectually serve to 
support a directly oirposito conclusion. It seems all 
but certain, as we shall presently have occasion to 
show, that no part of the moon’s globe is inhabited by 
living creatures, Certainly she is inhabited by none 
which bear the least resemblance to those existing on 
our earth, 'J'hits it might fairly be urged that, since 
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one of the two orba respecting which we know most 
appears to bo uninhabited, there remains no probable 
argument in favour of the view that other orbs besides 
our earth are the abode of living oreaturea. 

Yet the earth in reality supplies an argument of 
great force, when wo consider the evidence she pre- 
sents in another light. The mere fact that this world 
is inhabited is, as we have seen, little ; but we shall 
find that the way in which life is distributed over the 
earth’s surface is full of significance. 

If we range over the earth, from the Arctic regions 
to the torrid zone, wo find that none of the peculiarities 
which mark the several regions of our globe suffice to 
banish life from its surface. In the hitter cold within 
the Arctic Circles, with their strange alternations of long 
summer days and long winter nights, their frozen seas, 
perennial ice, and scanty vegetation, life flourishes in a 
hundred various forms. On the other hand, the torrid 
zone, with its blazing heat, its long-continued droughts, 
its strange absence of true seasonal changes, and its 
trying alternations of oppressive calms and fiercely 
raging hurricanes, nourishes even more numerous and 
more various forms of life than either of the great 
temperate zones. Around mountain summits as in the 
depth of the most secluded valleys, in mid-ocean as in 
the arid desert, in the air as beneath the surface of the 
earth, we find a myriad forms of life. 

But this is far from being all. Various as are the 
physical habitudes which we encounter as we travel 
over the surface of our globe, we are able to trace the 
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existence of other varieties even more remarkable » 
The geologist has been able to tarn back a few leaves 
of the earth’s past history, and though the pages have 
been defaced and mutilated by Time’s unsparing hand, 
he is yet able to read in them of many strange vicissi- 
tudes to which the continents and oceans of our globe 
have been exposed. But, far back as he can trace the 
earth’s history — and already he counts her age by mil- 
lions of years — he finds no evidence of an epoch when 
life was absent from her surface. Nay, if he reads 
aright the mysterious lesson which the blurred letters 
teaoh him, he is led to believe that, at the most distant 
epoch to which his researches have extended, there 
was the same wonderful variety in the forms of life 
as at the present day. Ho can, indeed, find the 
scattered remains of only a few of those old-world 
creatures 5 but he recognises in those which have been 
preserved the clearest evidence that thousands of 
others must have existed aronnd them. He knows 
that of a million creatures now existing scarcely one 
will leave to future ages any record of its existence ; 
he sees whole races vanishing from the earth, leaving 
no trace behind them; and he is thus able to form an 
estimate of the enormous extent by which the creaturoB 
and races of which ho can learn nolhmg must have out- 
numbered those whose scattered remains attest thoir 
former existence upon the earth. 

Here, then, we have analogies which ihere is no 
mistaking, Wo see that not only is Nature careful 
to fill all available space with living forms, but that no 
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tim.0 over vliich our reaearolies extend has found her 
leas prodigal of life. We see that, within very wide 
limits, she has a singular iwwer of adapting living 
creatures to the circumstances which surround them, 
Nor is this lesson affected — ^like the general lesson 
drawn from the mere foot of the earth’s being inhabited 
—by anything we can learn from the aspect of our 
satellite. For the arguments against the presence of 
living oveabures on the moon are founded on the evi- 
dence we have that the physical habitudes of that orb 
ai-e outside the limits within which Nature effeots the 
adaptation spoken of. 

The moon teaches us, however, that all the celestial 
bodies are not at all times habitable. The sun also 
teaches the same lesson. And it is necessary that wo 
should consider how far the evidence presented by our 
own earth may serve to elucidate this teaching. We 
shall see that terrestrial analogies afford a very sure 
guide ill the midst of many perplexities presented by 
the study of the worlds around us. 

Let us trace out the various degrees of fitness or un- 
fitness for the support of particular fonns of life, which 
we recognise in various regions of our earth. 

Often, where there exists so slight a difference be- 
tween two regions of the earth that, to oidinuiy obser- 
vation, it would appear that the forms of life existing 
in one should be well adapted to the other also, we yet 
find that this is not the case. Some minute peculiarity 
of soil, or climate, or vegetation, will render one region 
absolutely uninhabitable by a mce which lives and 
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thrives in the other. Darwin mentions several in- 
stances in which an apparently insignificant change in 
the circumstances under which a particular race has 
thriven, and sometimes a change which does not, at 
first sight, appear to he in the least connected with the 
well-being of the race, has led to its gradual disappeai’- 
ance. And it seems demonstrated that even the slow 
processes of change to which every part of the earth is 
subjected would suffice to destroy a number of the 
races now subsisting on its surface, wore the character- 
istics of those I'aces unalterable. But as the physical 
habitudes of their abode slowly change, the various 
races of living creatures slowly change also, so as to 
adapt themselves continually to the varying oiroum- 
stances under which they live. 

The lesson taught us by this peculiarity is very 
obvious. On the one hand, we see that it would be by 
no means sufficient to indicate a general rosemblanco 
between the physical habitudes of our earth and those 
of some far distant planet, in order to prove that that 
planet is the abode of living creatures resembling those 
on our own earth. But, on the other hand, wo are 
taught that the existence of differences sufficient to 
render a distant planet an unsuitable abode for such 
creatures as we are familiar with cannot force upon us 
the concluBion that the planet is uninhabited, On the 
contrary, the circumstance we, have been oon sidering 
teaches us that such differences as would suffice to 
banish life of certain kinds are insufficient to banish 
life of all lands, or even to render less abundant the 



to oTiim wonzns than ouits, 

forms of life -wliiolr exist xinder those changed condi- 
tions. 

And no-sT we may proceed a step farther, On our 
earth we find differences of climate and of physical 
habitudes generally, which are much more important 
than those hitherto dealt with. We see that not only 
ATOuld certain races perish in the long run, if removed 
from their own abode to other paiis of the earth, but 
that, in some instances, the process of destruction would 
be very rapid indeed. If we were to remove the polar 
bears from their Arctic fastnesses to tropical, or even, 
to the warmer parts of temperate regions, a very few 
years would see the end of the whole ince. The races 
inhabiting steppes and prairies would quickly perish if 
removed to mountain regions. Those accustomed to a 
moisture-laden air and abundant vegetation would not 
survive long if removed to the desert. 

In some races, indeed, we find a poAver of endui'ing 
such changes wliioh very far exceeds that possessed by- 
other races. Those creatures, for example, which man 
has domesticated seem capable of enduring a variety 
of climate or of circumstances, which would destroy 
the seemingly more vigorous races not yet subdued to 
the yoke of man.* 

' nvmboldt tells us that ‘ the pliability o£ the organisation of 
those animals ’whiob man baa subjected to his sway enables horses, 
cowsi and otboi species of European origin to load for a time an 
amphibious life, surrounded by orocodiles, water-serpents, and mauEL- 
tees. 'Whon the rivers return again to their beds, the horsos 
roam in the savannah, which Is then spread over with a fino 
odoriferous grass j and enjoy, as in their native climate, the re- 
newed vegetation of spring.’ 
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Even man himself, however, though he possesses in 
an unrivalled degree the power of enduring in safety 
the most complete change of climate, scene, and cir- 
cumstances, is yet limited, in a certain sense, in his 
power of migration. The Englishman, for example, 
can endure the fiercest heat of the tropics or the 
bitterest cold of Arctic and Antarctic regions. But 
he cannot safely attempt to found true colonies in 
every part of the earth’s siu-face. Our countrymen in 
India must send their children to be reared in England, 
if they wish them to grow up strong and vigorous, 
Tliere can be little doubt that if a thousand men 
and women from this country were to settle in certain 
parts of India (not at any time intermarrying with the 
natives), the colony would disappear within a couple 
of centuries. 

Here wo have a second degree of unfitness, accord- 
ing to which certain countries would quickly become 
depopulated, if supplied with inhabitants from certain 
other countries. We are taught the same lesson as 
before, but in a more striking manner. We see 
that differences exist within the confines of our own 
earth which render particular countries absolutely 
uninhabitable by particular races, insomuch that, though 
the individual might survive, the race itself would 
quickly perish.. And wo see, on the other hand, that 
these countries are not uninhabited, or even loss fully 
peopled with living creatures, than seemingly more 
fortunate abodes. 

Now, if some impassable barrier prevented the 
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inliabifcanta of ono country from visiting others, while 
yet it was possible to learn something of the conditions 
prevailing in other regions, how readily the conclusion 
might be reached that some at least of those inac- 
cessible regions must be wholly uninhabited, simply 
because their physical habitudes appeared un suited 
to the wants of the only creatures with which the 
observer was familiar* Who would believe, for ex- 
ample, that men can live, and not only live but thrive 
and multiply, in the frost-bound regions within the 
Arctic Circle, if travellers had not visited the Esquimaux 
races, and witnessed the conditions under which they 
subsist? Again, if we knew nothing of India, and 
some one pictured to us the intense heat of the Indian 
sun, the strange alternations of weather which replace 
to the Indian the seasonal changes we are familiar 
with, and all the other circumstances which render 
tropical regions so different from our English home, 
who could believe that, amidst those seemingly un- 
endurable vicissitudes, there are races of men that 
thrive and multiidy, even as our pooplo in their tem- 
perate zone? ^ 

Therefore, in examining the oiroiiinstancGs of other 

^ Perhaps the most striking iiistanoo of nmn’a power of living 
ander oiroumstanoos seemingly tho most lanfavourablo is to ho 
found in tho fact that though tho strongosb tmvollor is aiVcotod 
florloualy by tho rarity of tho air at grout olovatlons, yot raoos of 
men live and thrive In Potosi, Bogota, and Quito, and— to nso tho 
words of a modorn wrltor— that hull-flghtfl shonld bo possible at an 
elevation at which Saussuro hardly had onorgy to consult his in- 
struments, and whoro even hia guides fainted as thoy tried to dig a 
amali hole in tho snow 
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wtirWa thjin j( ^y-in ,„»t bo Hulliciont to prove that 
ft'rtntu «rl)H wouM olivioiiHly not 1,0 luibitiiblo by tho 
rm r-a om tbo eiivlli, in ttrdor to enforce tbo 

vnioliiiifnn Hmt no living orwiluvea subHiefc at all upon 
(heir ent-rtu'i', 

\ «■( tiitoihor Ht ep furl Inn', however. There aro reglona 
"f the cntlh where (he nienilKsrH of raeoH bolonghig 
(« r.ther ri-gimiK iiuicUy ptiriHli. The air of onr own 
iMiglittol Ih (h'alh to many crenturcH. And indeed, 
is rm(, n apot in tins whole world which would not 
kt fatal ill a brief apiuai In nmny auimiilH and plunta 
lKiloiigiu}.j (,» ntlier regioiiH. Yet each npot, though 
thus faliil to eertain raceH, ia iulmhited by uuinborH of 
Ktlthw wliieh live and thrive uiioii ilHHurfaee. 

lierrt, (hen, i« our third Ichhoiu We aro taught by 
the analogy of our earth that it ia not oven Hudloient 
In olujw Unit a iilunot would l>o an ahodo (piickly fatal 
to all tlies living creulnreH mdiHiHling on our globe to 
pfitve tlmt it ia Iherernro niiinliahltud, 

lint wo have yet a Mtroiiger nrgunient, to touoh on, 
Thorn arts reginna of onr enrtli to whloh erontnroH from 
oUier rfgitnm cannot Iw removed without holiig inme- 
fimkly Uilbd, The warm»hIoodcd auinml poriahefl if 
phieod for a brief Hpaeo under water, Tho ilnh porlBhes 
If plticntl for a brief Bpaoo on tho earth,' What could 
Iw mores wcmderfnl to «h, win’o wo not familiar with 

' fisrtmiw Uia tael tlmt Diorn nro cerinia kind* ol Anil wliloli 
eso nat only llv» nut of walor, Imt onn triivol mmaui Uio dry land, 
or oMmli trra. alTuidit an ovau uiuro atrlkliiii; titMtnaoo of Nnlnrn'« 
powor of MclniHliiK oronluraa to tho olrouiaiilnuaoa wtluli aimoniid 
Utttn 
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tlie fact, than that there are living oronturoa 'within the 
depths of that ocean boneath wlioae surface we our- 
selves, and the land oreatures wo arc familiar with, 
cannot remain alive many minutes? If fishes could 
reason, how could they believe tliat creatures can live 
in comfort in that element which is death to them F 
Yet land and rivor and sea arc alike peopled with 
living oreatures, each race as well adapted ns its 
fellows to the circumstancos in which it is placed. 

We are tatiglit, then, yet another lesson. Wo sec 
that even though we could prove that every living 
creature on this earth would at once perish if removed 
to another orb, yet wo cannot tlienco conohido that 
that orb is uninlmbited. On the contrary, tho lesson 
conveyed by our earth’s analogy lends to tho conclusion 
that many worlds may exist, abundantly supplied with 
living creatures of many different species, where yot 
every form of life upon our earth — ^bird, beast, or fish, 
reptile, insoot, or animalcule — would perish in a few 
moments.' 

There remains yot a last lesson to be drawn from 
terrestrial analogies. On tho earth thoro aro regions 

’ 1 miglit nM to tho instonooj hero oltod many otlioro whloli 
Bocm ovon inovo striking. 'Wo know tlmt in strong nolds which 
would instantly kill bird, boast, fiali, or insoot placed ■within thcra, 
thoro exist and thrive mi niito orontnros, adapted by Nature to tho 
strange conditions in whloh they nro pkoocl. ISvon in Iho bowols 
of tho earth and in the very neighbourhood of aotlvo volcanoes, wo 
find tlio Volottiio-nsli oxistlng In such coimtlosa thousands that 
wlion thoy aro ‘from fctmo to llmo vomlled forth by tho orupling 
mountain tholr bodies arc skrown over enormous regions, ond, as 
they putrefy boneath Uio sun’s rnys, spread postilcnoo and disease 
among tho Inhabit ants of tho iioighbourlng distrlots. 
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ivlii'rtt iitj furiti i>f lifn i‘xi«l8 <*r can cxinl. Within lh« 
Ihiiiiiug crater «'f Ihc, v<ilcuiHt, nr in llin fidztni lictirl, <if 
the ictihcr^, nn livin^f frejUnn* Vcl.nvcii 

lii’i'c Nulurc pi'itvcH hi UH lliiit. the I'rcat end and nini nf 
till her Wurhiiifi i« (*» alVuril ticmin and rnuin fni* new 
forinsi tif life, nr to anpidy (he waiilH nf (Inmc which 
aUi'udy cxint. The vnlcann will din mil, iiinl Iht* 
Kccnc nf iU act ivily will nnn duy liccnnn) f lic lUiiidc nf 
inyriadM of liviiij^ crcnI.urcM wlin wunhl Imvc iicvirtlu'd 
in II niniiicnt in itn cnjmiiniiii)^ (ircM. The imdicrj^ will 
iiicll, iind itii HuhaliincM will mien iigniu lin [iiuiiilml wiili 
IniHy life. Bub (IiIh Ih lilllc, II. In tlin wmlc of whioli 
vnicimn luui U’ltlicrg are llin wigiiH, which lunab Hignili- 
cimfly IciiohcH UH wliul, in Niilnni^H real aim. The 
vnlcaiin in tiui liidns nf I hn.“in liiwy Huliltniaiicnu fiirccH 
which am rciniHlclling (lie carfli’a friiniii, nhiwly nliung» 
ing ilia Icvul nf (he Itinil, making cnuUncniH »f nncuiiH 
iind occuna of imiilini'nlH, picHcrvIng anti vivifying all 
IhingH, while nil UiingR accm bn hiiII'ci' n gnidiiid 
dcHlrucliiin. Th« Iceberg, bnn, ha» itn wnrlr in rc- 
inodclliiig nnd fiiHltlniiiiig Ihc Miirfacn nf new cniil iuimlH, 
U ttlsn ncbii iiit itii|)ni-lttnb pnrb in (hn fniintidim uinl 
mniulcnaiKtn nf blni nyabtun of ncciutii) i.<iriiulHliti]i on 
which the wclfnri? nf iiiiiil cnml nritH iiml water crcnlurcH 
itn largely dciimnlM, And hm of a mnllitncic nf nblicr 
phcnnnicini, whlclt a)ii|H.inr ab llrnb nlglib aigniliciinb I'ltihcr 
nf the (Icalntcilvii bliaii of Ilia lifiNprcHcrving dianuibcr 
of Nature. The bnrnadn and the tliiniiicMborm, (he 
ijartlit|uiike iiiiil (ho volcauo—'iiiiy, nvnji the dreaded 
rnlurmi of iilngun and iichUIi’Iicc, hivve eucli a marc 



IG OTIIJiJi WOltLBS THAN OVm, 

powerful influonoo by far towards the prcBeiTation than 
they have towards the destriiotion of life, 

We see, then, that even if we conlcl prove that an 
orb in apace is so circumstaneod tlmt no life could by 
any posaibility exist upon its surfiiee ; if it were the 
scene of a tierce and dostmotivo turmoil, one moment 
of which would auflice to destroy every living oreaturo 
now existing upon the earth; if its whole mass were 
heated to a degree a tliousaudfold more intense than 
that of the fiercest heat we know of; if its surface wore 
bound in a cold compared with which our Arctic frosts 
would seem lilco tropical heat ; or oven if the most rapid 
alternation of these extremes took place upon and 
within it~ovon then wo could not conclude that it has 
not boon in long-past ages, or will not be in ages yet 
to come, the abode of life, 

Lastly, even when avo can safely assert of any 
celestial object that noitlKjr now, nor at any past or 
fiituro time, could it servo as the abode of living 
creatures, we are led by terrestrial analogies to the 
conclusion that it yet suppoits life in other ways. 
So that these very orbs, of Avhieh it seems safest to 
assert that they are, have ever been, and must ever 
remain uninhabited, speak to us, no less strongly than 
those which apiiear best suited for habitation, of the 
existence of other worlds than ours, 
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WHAT WK l.KAUN j.-uoM TIIK HHN, 

r no „n|, lo dw„ll in tl.iH «,i th„ vIow« 

whitih luivii Imt'ii tlu) Hun’fl 

liiil'iliiliilily. n, in u»(, imsnily |;ha(; I roj^uvd thoao 
vimvH „H f.K. fun.-irul l,n (Ind plu,.,, in a Hnri.ms con- 
Hi'l<-ialion nC Mn, Miihj,„d, I mu dcalin^^ witli, nov U.afc 
111'* ntcmil, oliHm-vnUon 1ms nmdofcd tlioiri 

Hiul:. in liu,(, (;hoy do not Im- 

loii/f IH wiml, 111.' jinn im. I wmli to couHidcr 

"nl.V ( ho re-id eniM.-iu'ii wliietli |,lm nini idVovds rosjieictinfr 
Mo* i^e-lu-nm .d' iscnlie.n, (,. dw.ill u|ion l;ho tmt|uiHOK 
\vljii>!i licHidi ie-ivmi ill llni liimiioniy of fclio Holar Hysl.oin, 
and tlii iH ii I.) ile-diiim n Ichsou roHiit!i!l.in}{ (Iioho otlior 
HimiH iu-ii(li-ri-«l iJiion^fli Himmi wlduli wo cull (-ho iixod 
slni'rt. 

leol, UH liirtf niidiiiivom- (o form lulcqital-o i!onco[)tionfl 
re-«jtt-clin^f l liit iliiiioiiKionii of Uiogicidiciiul rid lunduiu-y 
or Uin Hnliir 

J eiifc I ho ii-iiiii'i- ciiiinidcr ii l,orrcnl.riid globo (iliveo 
iimhi-Miii iliiHiicIcr, iind sciii-di oul, on tlial; globo fclio 
tiny li‘Jitn|.fnlnr Hjn cit wliich rin.roHimliH (irotifc Ib-itam. 
Tlicii Id Idiii i-mlciivour to iiictuio tlio town iu whioL 
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Next carae the discovery that the solar spots are not 
surface stains, but deep cavities in the solar substance. 
The changes of appearance presented by the spots as 
they traverse the solar disc, led Dr. Wilson to form this 
theory so far back as 1779 } but, strangely enough, it is 
only in comparatively recent times that the hypothesis 
has been finally established. For even within the last 
ten years a theory was put forwai’d which accounted 
satisfactorily for most of the changes of appearance 
observed in the spots, by supposing them to be due to 
solar clouds hanging suspended at a considerable eleva- 
tion above the true pbotosphoro. 

Sir William Ilersohol, reasoning from terrestrial 
analogies} was led to look on the spot cavities as 
apertures through a dovrble layer of clouds. He argued 
that were tire solar photosphere of any other nature, it 
would be past comprehension that vast openings should 
form in it} to remain open for months before they oloso 
up again, Whether we consider the enormous rapidiiy 
with which the spots form and witli which their figure 
changes, or the length of time tluvtmauy of them remain 
visible} we find ourselves alike perplexed, unless wo 
assume that the solar photosphere resembles a bod of 
clouds, i a stmtum of terrestrial clouds open- 

ings may be, formed by atmospUerlo disturbances, bub 
while undisturbed the clouds will retain any form once 
impressed upon them for a length of time oorrespond- 
ingto the webks .and months during which the solar 
spots .endure. ; . ' ' ■ . 

■j;. ' And beoatis^ the Solar speW prejteht two distittot 
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r;iiii:(tie« of light, the faint peiiniubva anti tlio dark 
\tiiilirn or iiiioleuH, llnriichcl huw tlio ncooHHity of ae- 
Biiiuitig that thovo arc two bctlHof ckmdB, tliooutorHolf- 
hunitKam inul t'oimlitiiting tlio truo Hnlar pliotoHplitsro, 
tho imior rolh’ol ing tb« liglit rfcoivort froui tlio outer 
layer, and ho Hlih'lding the nail Hurfimn of tlio Hun from 
tho inlenau light imd heat which it would othorwiso 
rtsceivo. 

But while rcetnit dincovericH have conllrniod Sir 
Wlllinm licrBclioVa theory about tlui solar cloud- 
anvelopeg, tlioy have Ijy uo meaiiH given countominco 
to bia view that tlio body of Iho sun may yossibly bo 
cooli Tho dnrhness of the nucknis of a spot is found, 
on tho ooiUmry, to give proof that in that neiglibour- 
homl tho Him in butter, Iicimiuhc it parts loss readily, 
with iU heat. Wo shall sue proHontly how this ia. 

Moontiino lob it be noticed in iMissing that a closo 
jairutlny of largo solar Hpots has revoalud tho existence 
of an Intonaoly dark spot in tho midst of tliu umbra. 

This spot must li© regarded ns Uie truo nucleus, 

Tim oiroutiisUuloo tlmt tho spots appear only on two 
bands of tho sun's globe, corresponding to the sub- 
trapioal sones on our own oiutb, led tho younger 
Horeehel to coimlusiotis ns important as those wbick 
his father Imd formed. Ho miaoued, like hla father, ? .:- 

from teestrial annloglea, On our own earth tho sub- " 

tropiodi iiones ore the regions where the groat oyolonlo 
etorms have their birth, end rage with their ohlof fury, v-s 

Here, therefore, we have tho analogue of the solar, 
spots, If only wo (sm show ,, reason for believing that 
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any causes resembling tbose wliich generate tlie fcei^ 
restrial cyclone operate upon those regions of the snn 
where the solar spots make their appeai’anoe, 

We know that the cyclone is dire to the excess ol 
beat at the earth’s equator. It is trae that this ex- 
cess of heat is always in operation, whereas cyclones 
are not perpetually raging in sub-tropical climates. 
Ordinarily, therefore, the excess of heat does not cause 
tornadoes. Certain aerial currents are generated, whoso 
uniform motion suifices, as a rule, to adjust the condi- 
tions which the excess of heat at the equator would 
otherwise tend to disturb. But when through any 
cause the uniform action of the aerial currents is either 
interfered with, or is insufficient to maintain equili- 
brium, then cyclonic or whirling motions are generated 
in the distmbed atmosphere, and propagated over a 
wide area of the earth’s surface. 

Now we recognise the reason of the excess of heat 
at the earth’s equator, in the fact that the sun shiues 
more directly upon that imrt of the earth than on the 
zones which lie in higher latitudes. Can we find any 
reason for suspecting that the sun, which is not heated 
from without as the earth is, should exhibit a similar 
peculiarity P Sir John Hersehel considered that wo 
can. If the sun has an atmospliere extending to 
a considerable distance from his surface, then there 
can he little doubt that, owing to his rotation upon 
his axis, this atmosphere would assume the figure 
of an oblate spheroid, and would he deepest over the 
solar equator. Here, then, more of the sun’s heat 
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would be retained than afc the polesj where the atmo- 
Hphere is shallowest. Thus that excess of heat afc the 
solar equator which is necessary to complete the ana- 
logy between the sun-spots and terrestrial cyclones 
seems satisfactorily established. 

It must be remarked, however, that this reasoning, 
so far as the excess of heat at the sun’s equator is con- 
cerned, only removes the difficulty a step. If there 
were indeed an increased depth of atmosphere over the 
Bun*3 equator sufficient to retain the requisite excess of 
heat, then the amount of heat we receive from the 
sun’s equatorial regions ought to be appreciably less 
than the amount emitted from the remaining portions 
of the solar surface. This is not found to be the case, 
so that, either there is no such excess of absorption, or 
else the solar equator gives out more heat, in other 
words, is essentially hotter, than the rest of the sun. 
But this is just the peculiarity of which we want the 
interpretation. 

It may be taken for granted, however, that there 
is an analogy between the sun-spots and terrestrial 
cyclonic storms, though as yet we are not very well 
able to understand its nature. 

We come next to one of the most interesting 
discoveries ever made respecting the sun — -the discovery 
that the spots increase and dimmish in frequency in 
a periodic manner. We owe this discovery to the 
laborious and systematic observations made by Herr 
Sohwabe, of Dessau. In these pages any account of 
his work would be out of place. We need only dwell 
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upon the result, and upon other clisooverieg which 
have been. made by observers who liave taken up the 
same work. 

Sehwabe found that in the course of about eleven 
years the solar spots pass through a complete eyclo 
of changes. They heeoine gradually more and more 
numerous up to a certain maximum, and then as 
gradually diminish. At length the sun’s face becomes 
not only clear of spots, but a certain well-marked 
darkening around the border of his disc disappears 
altogether for a brief season. At this time the sun 
presents a perfectly uniform disc. Then gradually tlie 
spots return, become move and more numerous, and so 
the cycle of changes is run through again. 

The astronomers wlio have watched the sun from 
the Kew observatory have found that the process of 
change by which the spots sweep in a sort of ‘ wave 
of increase ' over the solar disc is marked by several 
minor vaiiations. As the surface of a great sea-wavo 
will be traversed by small rippilos, so the gradual in- 
crease and diminution in the number of tlie solar spots 
is characterised by minor gradations of change, which 
are sufficiently well marked to he distinctly cognisable. 

There seems every reason for bolioving that the 
periodic changes thus noticed are due to the influeuce 
of the planets upon the solar photo.spliere, though in 
whnt way that influence is exerted is not at present 
perfectly clear. Some have thought that the mere 
attraction of the planets tends to produce tides of 
some sort in the solar envelopes. Then, since the 
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<.r .1 li,I,i K.. i.nMliHUHl viivuiH m tlio cub« or 
(liir.l J1..WI-1' ..f Mm. (liiitaiK!.., il, hns Ihich I liouglil; Mint 

0 I'liiih l. wIm ii ill iii'iiliiilion would g<!U(!iiil,o ii much 
lu'K' i- la.liii' lid.. Miaii whon in iiii!„.li„n. Ho Umt, uh 
. ln|.i(|.r liati n iimiod nearly (.(|uul to tlio Hun-Hpot 
l-' iKnl, il, liaH li..en !ini.poHi.(l that tlio attriictioiiH of Uuh 
|> lini.*t. me ipitt1ii*tent to iu'.e.ount for tlui grout npot. 
lii iiiiil, \ eiiiiH, IMoroury, the hlartli, and Huturn have 
ill a Hiitiilar iniiniior, licmi rondored aooountablo for tho 

1 Imrlor iiiul lenu diHlinctly miirlced periodH. 

\Nillionf denying Umi, ibo plmnstH may bo, nnd 
|iiobiibly III'.', tlin bodieii to wlnmo inlluoiico tho eolar* 
Kpnl period,.! am to bo aaoribod, t yot vonturo to oxpimi 
v.'ry ..hong iIouI.Ih wbollmr tho adioii of Jupiter is 
lio nineh gn alor in laailiolion thnii in iipholion na tc 
iii'i'oiiiit lor tho laot dial, whorouH at ouo hcusou tho 


I'aee of ilio lain uliowa many Hpota, at unotlior it is 
wholly IV.!.- from tlu-in. 

llowevor, wo am nol. at proHout eoncioniod ho mmili 
with (h.M.xplaiiiilion of liioiM an with tho faotH tliom- 


li.'lv.n.. Wo Itavo t.i ...innidor rutlior wliiit tlio huu 1 «, 
and what Iio dooH for tho Kolar ayHloin, than why tluiHc 
thingii iiro Ko. 

Lot iw nolo, boforo patiHing to othor cirounmtanoofl 
of inlori’Hl. r..iim‘olod with tho huh, that tho variublo 
eoiidil ioii of hilt photo...phoro miiHt oiuiKo him to olumgo 
in brilliaiiey na hoou frem viiHt diHtaucoH. If Horr 
Hehwabo, for inatanoo, iimtoad of olworving^ tho Him’s 
I'pi.lH from hin watidi towor nt Dohhivu, could luivo re« 
inovod hitiiH.df to a diHtuucu ho uuomunm that thoHun’ii 
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disc would have been reduced, even in the most power- 
ful telescope, to a mere point of light, there can be no 
doubt that the only effect which ho would have been 
able to perceive would have been a gradual increase 
and diminution of brightness, having a period of about 
eleven years* 

Our sun, therefore, if viewed from the neighbour- 
hood of any of the stai’s, whence undoubtedly he would 
simply appear as one among many fixed stars, would 
be a ‘ variable/ having a period of about eleven years, 
and a very limited range of variation. Further, if 
an observer, viewing the sun from so enormous a dis- 
tance, had the means of very accurately measuring its 
light, he would undoubtedly discover that while the 
chief variation of the sun lakes place in a period of 
about eleven years, its light is subjected to minor varia- 
tions, having shorter periods. 

The discovery that the periodic changes of the sun*fl 
appearance are associated with the periodic changes in 
the character of the eartlfs magnetism is the next that 
we have to consider. 

It had long been noticed that during the course of 
a single day the magnetic needle exhibits a minute 
change of direction, taking i)lace in an oscillatory 
manner. And when the character of this vibration 
came to be carefully examined, it was found to corre- 
spond to a sort of effort on the needle’s part to turn 
to\vards the sun. For example, when the sun is on 
the magnetic meridian, the needle has its mean posi- 
tion, This happens twice in the day, once when the 
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.'nil iii ulw.v.. (I„. Itni iznii, mitl imco wlionluuH bolow it. 
Aiiiiin, wln<ii tlm mm ia midwuy boUviHsu Uioho two 
|iomli>.ii!i whirli altio liiiinmiiH twioo in tho dny— fclio 
n. f.lli. lias ilH iiiraii tiomi ioii, bccmiKO tlio novthoniimd 
tbo tioullu.in t'lidu iiiatm (:(|mil onbriH, ko t o Himak, to 
'IncrI. llii-iiiiiolvim lowaulK tlui mm. Four tinioH in the 
.lay, thin, (ho iifcdlo Imim il.Hmeun pomtion, or ia diveeted 
towanlii till. ma;(imliti nieridiim, lUit wlien the mm ia 
not in mill ol llm fmir poHilionH coiiHidored, that end of 
I lie iicihIIo wliieli ia iiearoHt to liim ia Bliglitly turned 
away Iroiit iln mean position, towarda liiin. Tliecliaiige 
ol jiosilioii i,4 very iiiimile, niid only tlie exaeb nuithodH 
ol'iibKerviiliou made uko of in the jmiKont ago wovdd 
have milliited lo reveal it. Tlioro it ia, however, and 
lliia iiiiimie and iieemiiij'ly uniniporlant peeidiarity hna 
been round to bn full of liieimiiig. 

Mad lieienee merely meiianred HiIh iiiimito variation, 
the work would have given Htriking evideiiee of iJie 
exaet apirit in wliinb men of our day deal with natural 
jilienomena. lint Hoieiiee waa to do muoli more, 'I'ho 
vaiiatiouH of tbiM niiiiuto variation wore to bo inqnirod 
iulo; I heir period wan to bo »earelitid for } the laws by 
which they were regulated, and by whioh their period 
miglit perhapa ItHolf bo rendered variable, were to bo 
examined | and linally (heir relation to other natural 
liiwH wioi ( .1 bo Hoiiglit after. Tlmt Boieiuie ahould net 
hm'Hijlf In nil Impiiry ho delieate and ho dillieult, in a 
Hpirit KO I'Xiiel ing, wiiH nothing imtuiual. It in tliuH that 
all I he great diiieoverieH of our ago have been edbotod. 
Hut it iu well that the reader Hhould vecogitiKu the 
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careful senitiny to which natural phonoinena have 
been subjected before the great laws wo have to con- 
sider were made known. It is thought by many, wlio 
have not been at the pains to examine what science is 
really doing in oiir day, that the wonders she presents 
to mon^s contemplation, the startling revelations whitdi 
are being made from day to day, are merely dreanis 
and fancies, which replace indeed the dreams and 
fancies of old times, but have no worthier claims on 
our belief. Those who carefully examine the history of 
science will be forced to adopt a very different opinitnu 

The minute vibrations of the magnetic needle, tluis 
carefully watched— day after day, month after month, 
year after year — -were found to exhibit a yet more 
minute oscillatory change. They waxed and waned 
within narrow limits of variation, but yet in a manner 
there was no mistaking. The period of this oscillatory 
change was nob to be determined, however, by the oli- 
servations of a few yearsd Between the time when 
the diurnal vibration was least until it had reached its 
greatest extent, and thence returned to its first valui?, 
no less than eleven years elapsed, and a much longin’ 
time passed before the periodic character of the change 
was satisfactorily determined. 

^ Tho reader must nob imdorstand that tbo account boro given 
presents in any sense even a general view of fcho labours of thoHn 
who bavo studio d tbe earth’s luagnobism, I toiioh only on Uioho 
points by which tlio aasooiafclon bofcweon the earth’s magnotiam and 
tho pliysloal condition of tbo sun are most clearly indicated j )jo- 
cauao those points alone bear on tbe subject of this chap tor. How 
they do so will appear further on, 
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I Ih* r»'!ul<‘r will iii, rnuin wlmi; thoH« obHnrviitionh 
ItimI to* tlio v;ivy in fniquoiioy within a 

iM'i hiil fil 1‘h^vt^u yi'arrt, anti thn inafynatio tUimiiil ob- 
ttnvalitaiM vary within a panoil (»f iho Humo dura- 
tinii. It mi^flit Hi>nm fantnrul to asHtanato tho two 
l»aiiuli(t m>rit‘n t>f l,t)|rotln5r, and doubthiHH wlum 

(In^ uU% hnit tuanintal tt^ Kalnnu, it waa not with any 
/tn at <‘xjift!lutit)u of limliiiK otnilirin<Mh that ho ox** 
aiiiiniMl t)a^ ovithniion h(?annf; on llu» point, Judging 
from known faolH, w'o may aot^ rouHonH for mvh an 
fxpt'iiluluat in th(^ coiToHpoiuhmoo of tho iioodlo’H 
dimnal vihvniinn, with thtj Hun*H apparout motion, 
lual alKti in thtj law wlnoli aHsotaattm tho aininal 
vaiiaiitnai of tlm inn/pmtV powta* with tho hiiu*h diH- 
laufo. Hut umlttuhttfdly wImmi I Ini idoa odouiTod to 
it waa an oxfot^dingly bold ono, and tlio 
riili'odo wilh whit'li tJm lin<t unnoninannout of Iluj Hup* 
p'»'U’tl law WMii rtaanvial, tnaoi in Moitmtilio oirtdoH, Hiif** 
tli’ivi (11 hIhiw Intw unf‘xpi!al,t’tl that volatitni wan wlutjli 
now {in I litnonglily tailablialuat* Kor a oanJul oom- 
j»avi!'on bt^tworn (hit two ponoda bun doruonHlmtod that 
l imy agrri? tnont ptn lhatly, not innroly in longUi, hut 
maxifiinm for maximum, ami ininimmn for minimum, 
WImn tln^ aiin-Hiioia nro nmst uumtwouH, them tho daily 
vilimiinn of tim magmd» ih moHfc oxtooHivo ; whilo whon 
tint Huida fatal in oh»Hv of Hpotn, tlio noudlo vibmtoH 
ovor ilM Hmalh*Ht tlinviial aro, 

'rimn Mn> intouaity of tho magnotio notion lum l)(‘on 
round In dopond tipon milar inlluonotiH, Tho 
iiouH hy whiolt Um noodle indioutofi tho progroHH of 
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blioae strange disturbances of the terrestrial magnetista 
which are known as magnetic storms, have been found 
not merely to be most frequent when the sun’s face 
is most spotted, but to occur simultaneously with the 
appearance of signs of disturbance in the solar photo- 
sphere. For instance, during the autumn of 1859 
the eminent solar observer, Carrington, noticed the 
apparition of a bright spot upon the sun’s surface. 
The light of this spot was so intense that ho imagined 
the screen which shaded the plate employed to receive 
the solar image had been broken. By a fortunate 
coincidence another observer, Mr. Hodgson, hap- 
pened to be watching the sun at the same instant, 
and witnessed the same remarkable appearance. How 
it was found that the self-registering magnetic instru- 
ments of the Kew observatory had been shaiply dis- 
turbed at the instant when the bright spot was seen. 
And afterwards it was learned that the phenomena 
which indicate the progress of a magnetic storm had 
been observed in many places. Telegiuphic commu- 
nication was interrupted, and at a station in Norw.ay 
the telegraphic appamtus was set on fire; auroras 
appeared both in the northern and southern hemi- 
spheres during the night which followed; and the 
whole frame of the earth seemed to thrill .responsively 
to the disturbance which had affected the great central 
luminary of the solar system. 

The reader wll now See why I have discussed 
relations which hitherto he may perhaps have thought 
very little connected with my subject. He sees that 
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Hu-It* in )i liMii.l .if HyinimUiy l)i;i \v(>(.u onr wivth (ukI Uio 
fum j lliul. Ilf (linl.mbiiiH-f inui alV.:ct Uu» hoIiiv photo- 
willifiil alVi-fliiiij fiir (.mill lo a gri'alov or I(!HH 
• li'f'ii'f, hur il fill' t'arlli, l.limi alno llio oUior plaiiotHi 

M*'U’iny iiinl NN'iiiin, no nuKili iifiivi'r ilia kiiii than wo 
lUf, iniffly |•(HiJU)ll(^ ovt'u iiKiro nwiflly ami imms din- 
liiii-lly If I Ilf ni'liir niafriifl io inlliioimaH, Hut boyoml 
fill' fiitlli, and laynial Ilio oibil, ,»(' mofiiloKH Mara, tlio 
impulafH \vi(|, Mm volmtily of light;. 

Ilf vanl j'lfho ff iliipitfi' ia Mirilloil from polo to polo 
u-i tlif msigiiflif wavo rolln in upon it; ihon yaturu 
Ifflii tin* aliffk, ami tlioii tlio vaat diataiKioK lioyond 
wliifli lif Uraiivm and Ni>|ilinm aro awijpt by tlio ovor- 
I■’‘it!<'lli1l); yol, ovor-widmiiiig diHliirbamm-wavo. Who 
ilmll ray what fuli*r planota it thou Hooka? or who, 
lfi*lnii|' hath ii|ifii Iho cfiiirHo ovor whioh it hasi tra- 
Vi'l|. i|,t!liall nay Ihat plaiiol.M aloiio havo folt ita olVoota? 
MolitMio and cfiimtin ayatoiiiii havo boon viaitod by tho 
ip. al mairiiflio wavo, and upon tho diaporaod monilim'H 
Ilf llm fill* ami tho aiilitlo atrnotnro of this otlior olTootrt 
ovrii infill iiiiporlaiit may havo boon proilimod tlian 
Mtii'!o aliikiiig [ilioiiomoiia wliioh ohaructoriito tho pro- 
gi i'H'i Ilf loiroHli'iiil or pliiiiolary magnotio Htorinn. 

Wilt'll wo voiiioiiibor Mint wiint ia trim of a rola- 
tivi'ly gn al, tioiar diatiirliaiKio, Huoli im tho 0110 wit- 
iifioioil liy ,Mfji!U'!i. (Iiirriiigtou and llodgaon, ia trno 
almi (limvovor ililVoroiit in dogroo) of tho magiiotio in- 
IlnfiifOH whifli tho anil Ih at ovory iuHlant oxorting, wo 
«i'o lliuta now and inoal. iinporliintlioml of union oxiatH 
hi'lwfoii tin* inoiidiin'H of tho uolar finnily, Tho Him 
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not only sways them by the vast attraction of his 
gravity, not only illumines them, not only warms thorn, 
but he pours forth on all his subtle yet powerful mag- 
netic influences, A new analogy between the members 
of the solar system is thus introduced. 

And now we pass on to other discoveries, bearing 
at once and with equal force upon the relations be- 
tween the various members of the solar system and 
upon the position which that system occupies in the 
universe. 

Hitherto we have been considering the teachings of 
the telescope j we have now to consider what we have 
learned by means of an instrument of yet higher 
powers. As I shall have to refer very frequently, 
throughout this volume, to the teachings of the spoti- 
ti'oscope, it will be well that I should briefly descrilio 
what it is that this instrument really effects. Wore ,I 
simply to slate the residts of its use, without describing 
its real character, many of my readers would bo dis- 
posed to believe that astronomers are as credulous as 
in reality they are exacting and scrupulous, where new 
facts and observations are in question. 

The real end and aim of the telescope, as applied 
by the astronomer to the examination of the oelestial 
objects, is to gather together the light which streams 
from each luminous point throughout space. Wo may 
regard the space which surrounds us on every side as 
an ocean without hounds or limits, an ocean across 
which there are ever sweeping waves of light either 
emitted directly fi’om the various bodies subsisting 
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Mir<>ii|rli(,n(, or oIho rolloolod from fhoir HtirfiiisoH. 

l;'nof. of wuvo iilHo aimsH Uioho limi(,IcH» 
‘ I‘l HI ill ull (luoi!Uo]||H • l)u(i tlio Ii^(llt-\V11V0H IIVO tllOHO 
wliioli id, i,rf‘iionl, ooiu-oni uh. Om- omUi in no n miuulo 
'"'“"‘i plao.Ml wiMun Ui« of Bpuoo, and to tho 

of (l,i« liny UP, U,,, li^rhOwavoH Ixmr tlioir moH- 
Irom Urn orlw wluoli Ho liko othor IhIoh amid th(\ 
f-illioinli'!i!t dti[il.liH around oh, With tho toloHoopo tho 
JOilidiioinor >{n(ln>rrt to;{olhor porlionH of light-wavoH 
wlii. hi-hio would liavo travollod in divorcing cUrootionH. 
lly itHonwfying (i„,iv oiiabloH tho oyo 

lo lii'fomo oognis-ant of tlioir trim nature. rrcoiHoly as 
Iho nnrrow oliannolH around our shoroa oauso tho tidal 
wave, ivhioli tuvoops aoroHH tho opon ocean in almost 
Inidimil.lo undnlul ioiiM, to rise and fall through a wide 
inugo of vnrialion, so tho toleacojm vinuloi’S HoiiHiblo 
tho oxinlenoo of lighl.-wavim whioli wonhl oseapo the 
m\\ivv of Ihif tniiudnl oyn* 

'I’lio loloHnopo, tlimi, is eHsontially a li(jlU~(/(Uheror. 

'I’ho Hjieclvomiojio is uhimI for auothor purposo. It 
iniglit bo culled Iho ft is applied by tho 

UHlionoiuor to imalyso the light which couios to liirn 
frtnu boyoiiil tho ocean of spuco, and so to onablo him 
to learn Iho eliaraotor of tho orbs from which tliab 

'I'ho priucipln of tho iimtrumont is simplo, though 
tho nppliaiuM'H by which its full powers cun ulonu bo 
educed aro Homowhat compliiMitcd. 

A ray ol Huiilight fulling on a prism of glass or 
crysla! doui) not otnergo unoliangcd in ohurnotor. 

I) 
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Diffiirent portions of tlio ray aro differently bent, so 
that when they emerge from the prism tlioy no longer 
travel side by side as before. The violet part of tho 
light is bent most, tho red least j tho various colonvH 
from violet through blue, green, nnd yellow, to red, 
being bent gradually less and loss. 

The prism then soria, or aifta, tho light-waves. 

But we want the means of sifting tho light-wiives 
more thoroughly. Tho reader must boar with me 
while I describe, as exactly as possible in tho brief 
space available to me, tho way in which tho first rough 
work of the prism has been modilied into the delieato 
and significant work of the spoctrosoopo. It is well 
worth while to form clear views on this point, bccauHO 
so many of tho wonders of modern science are nsso- 
oiated with spcotroscopio analysis. 

If, through a small round hole in a shutter, light 
is admitted into a darkened room, nnd a prism ho 
placed with its refracting angle downwards and hori- 
zontal, a vortical speotrum, having its violet end upper- 
most, will bo formed on a screen suitably placed to 
receive it. 

But now lot ns consider what this speotrum really 
is. If we take tho light-waves corresponding to any 
particular colour, wo know from optical oousidorations 
that these waves emerge from tho prism in a pencil 
exactly resembling in shape tho ponoil of white light 
which falls on the prism. They therefore fonn a small 
circular or oval image on their own proper part of tho 
Epectrom. Hence the spectrum is in reality formed of 
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ft miiltikide of overlapping images, varying in colour 
roin violet to red. It thus appears as a rainhow- 
tintecl streak, presenting every gradation of colour 
between the utmost limits of visibility at the violet 
and red extremities. 

If wo had a square aperture to admit the light, wo 
should get a similar result. If the aperture were 
oblong, there would still be overlapping images 5 but if 
the length of the oblong were horizontal, then, since 
each imago would also be a horizontally-placed oblong, 
the overlapping would be less than when the images 
woro square. Suppose we diminish the overlapping as 
rnueh as possible; in other words, suppose we make 
the oblong slit as narrow as possible. Then, unless 
there wore in reality an infinite number of images dis- 
tributed all along the spectrum from top to bottom, the 
images might bo so narrowed as not to overlap j in 
which case, of course, there would be horizontal dark 
spaoes or gaps in our speotrum. Or again, if we 
failed in finding gaps of this sort by simply narrowing 
the aperture, we might lengthen the spectrum by in- 
creasing the refracting angle of the prism, or by using 
several iirisms, and so on. 

The first great discovery in solar physios, by means 
of the analysis of the prism (though the discovery had 
little meaning at the time), consisted in the recogni- 
tion of the fact that by means of such devices as the 
above, dark gaps or cross-lines am be seen in the solar 
spectrum. In other words, light-waves of the various 
gradations corresponding to all the tints of the spec- 
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truni from violet to red, do not travel to ns from tho 
great central luminary of oiir system. Remembering 
that the effect we call colour is due to the length of tiro 
light-waves, the effect of red corresponding to light- 
waves of the greatest length, while tho olfeob of violet 
corresponds to the shortest light-waves, wo see that in 
effect the sun sends forth to the worlds which circle 
around him light-waves of many different lengths, hut 
not of all lengths. Of so complex and interesting n 
nature is ordinaiy daylight. 

But spectroscopists sought to interpret those dark 
lines in the solar spectrum, and it was in carrying out 
this inquiry — which even to themselves seemed almost 
hopeless, and to many would appear an nttor waste of 
time— that they lighted upon the noblest method of 
research yet revealed to man. 

They examined the spectra of tlie light from incan- 
descent substances (white-hot motiilsand the like), and 
found that in these spoctm there are no dark linos. 

They examined the spectra of tho light from tho 
stars, and found that these spootm aro crossed by dark 
lines resembling those in the solar spectrum, bub dif- 
ferently arranged. 

They tried the spectra of glowing vapours, and they 
obtained a perplexing result. Instead of a number of 
dark lines across a rainbow-tinted streak, they found 
bright Hues of various colour. Some gasop would give 
a few such lines, others many, some only ono or two. 

Then they tried the spectrum of tho olectrio spark, 
and they found here also a series of bright lines, but 
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not always the same series. The spectrum varied 
according to the substances between which the spark 
was taken and the medium through which it passed. 

Lastly, they found that the light from an incan- 
c eseent solid or liquid, when shining through various 
vapours, no longer gives a spectrum without dark lines, 
but that the dark lines which then appear vary in 
position, according to the nature of the vapour through 
which the light has passed* 

Here were a number of strange foots, seemingly 
too discordant and too perplexing to admit of being 
interpreted. Yet one discovery only was wanting to 
bring them all into unison. 

In 1839 Kirchlioff, while engaged in observing the 
solar spectrum, lighted on the discovery that a certain 
double dark lino, which had ah-eady been found to 
correspond exactly in position with the double bright 
line forming the spectrum of the glowing vapour of 
sodium, was intensified when the light of the sun was 
allowed to pass through that vapour. This at once 
suggested the idea that the presence of this dark line 
(or, rather, pair of dark lines) in the spectrum of the 
sun is duo to tho oxistonce of the vapour of sodium in 
tlio solar atmosphere, and that this vapour has the power 
of absorbing tho same order of light-waves as it emits. 
It would of course follow from this that the other dark 
linos in the solar spectrum are due to the presence of 
other absorbent vapours in its atmosphere, and that 
the identity of these would admit of being established 
in tho same way, supposing this general law to hold 
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whiali liiHnvuMntlM’M \vA in hIIm i ^ Un inni-'M-li, . 

wllitOl fnnn (hi* \nvi]\\ i>f ^priliutiJ noils » no nn 
follow : 

1. An innmdoHrriif mliil nr li<|uid i a 

lilUioiKi aprfol niMO 

A |(lowin/f VH(Minr pivon a hin rfmiu nf i lii In 
linoH, rmnh ynpiinr Imvitp; i\ti uwu r,t f mI Iuo , ? ♦ 
iVoin (luj npiH’imini'i^ of k l»n;»li( Ijijn fp. , funn noj.t .10 
loll ( lio nui nro of I In* vniionr or vojoTHi ii- vJ?- f< li In 
forioH iho opi'olnnn. 

i\* An iiiotonlo}ir4*nf lolid nr li»|iiid idnonu* (lo-o^odi 
uhnorhonli viipoma fiivoa n liduhn-.s. toih j ; sun 
mmml hy duvk Ilno!?, fhn^o th\h Ihioj^ huMu^iih*^ i.onn 
pOMilitiu iu( (hn lni/(lit. l\uvn Iu Immouio iu rh- t j r. . I 
liiij vnpouro I HO Ihnf, liotn llo- 0HiOp|p jm* nl #7 
ilark linoHin mn«h u ji|h otniiM, .iio* * on (^dl Hio m 
oi fhi^ vapour or vapoina whioh aioi.oiiul [\w noovo 
lighk.^ 
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Tim upiilictilion of (,)»(» nmv iiHiMiod of roHciivoli to 
()lt^ hliidy oft, ho H()l»rKp(>c.lvuiu«ini(!lvly h-d to lumtnbor 
of nmut inlcrinitiiig d imiovorioH. It wiifl found thiit 
tlu) HUU’h lltiUOHpImi’O OOntlUUH tlu! 
vdjHiiiirt of iron, oidoinin, iimj^nKmintn, ohroininm, and 
ollior iimtulH, 'I'lm dnrk liitoH oon'Ottponding to tliOKO 
u|ijii‘ui' \nii)iiHlal(ul)ly in tho aoliiv Hpeotvuiin 

I hrii? lu'ixdlua* niolidtt kuoIiuh ooppor and nine — wliioh 

i’l om lo osiKfc in Um ann, though Homo of tiio corre- 
’■I'oioliiif' duvic limiH hnvo not yot boon I'ocojfiiiHod. As 
yot it lino u()t linen provial that ^old, silvoi’, inorcmy, 
tin, loud, iii'Houio, iintiiiinny, or iduininiuin exist in tlio 
(,un*™ilu»i^li wo ciiu by no inoaiiH oonoludo, nor in- 
ih'i'il IK it ivt idl prolirdilo, that tlniy are absoiit from 
Ida auludaut’o, 'I'lio dark liiioa bolonging to hydrogen 
are very well iniirkod indeed in tlio Holtir Kpeotruin, and, 
as we tiliall Hen preHOiilly, the study of thoHO linos luiH 
allerded mimt intercKliug inrormation rospeoting tho 
pltysieal eniisllt ui ion of ( he sun, 

Now, Wo imliee at nime how iniportanlly lihnso 
mieai'elieH inlo the hiiii'h struetiire hear upon tlm turb- 

inuy Hnc'?< oi* tinil; llimn to api>oav In Iho Hpoctrunij 

Hi*'y nm riMirn or kiHfi huaiiHlj or thoy may omll Juat 
flu mn.'li llfthl- rnuko up for wimt Ihuy nknurb, in which cuho 
I hbMt will ii iiiiilii nu i[im\ of thoir prmtimu. 

H, 'Urn iilnitrln f*purk n hili^litOlno aimotnim, com* 

I of Mui htilonKlnK *o Uiu viijioiirn of Uioho HubHljinttca 

wlih'li, tiiiil of ihimn llu'oiii'li which, Urn cllHnlmrgo lakes 
Itl-'inritt. lo f lm jiuluro of Ihcjm vapomvi ami of tho (IIh* 

chio^it Ufl'i'lf, Iho i*'laf lvo iuhmNlly of tlu* compimont imin of tho 
wiU 1m vatlFihhh 

I. s*nlly, llio u|»|!Oitnm(m of tho inmolrnm hulouKlng toaayolomont 
win vury*M'o*ni1hig to thotitiimumUincetf of proHiimo uiul lomporaluro 
HtitUir wttirli Uin oioiuunt may uiiiU light. 
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jeot of this treatise. It would be indeed interesting 
to consider the actual condition of the central orb oi 
the planetary scheme, to picture in imagination the 
metallic oceans which exist upon his surface, the con- 
tinual evaporation from those oceans, the formation of 
metallic clouds, and the downpour of metallic showers 
upon the surface of the sun. But apart from such 
considerations, and viewing Kirohhofif's discoveries 
simply in their relation to the subject of other worlds 
we have enough to occupy oui- attention. 


If it could have been shown that, in all proba- 
bility, the substance of the sun consists of materials 
wholly different from those which exist in this earth, 
the conclusion obviously to be drawn from such a 
discovery would be that the other planets also are 
differently constituted. We could not find any just 
reason for believing that in Jupiter or Mars tliero 
exist the elements with which we are acquainted, when 
we found that even the central orb of the . planetary 
system exhibits no such feature of resemblance to the 
earth. But now that we know quite certainly that the 
familiar elements iron, sodium, and calcium exist in 
the sun’s substance, while we are led to believe, with 
almost perfect assurance, that all the elements we are 
acquainted with also exist there, we see at once that 
m aU probability the other planets are constituted 

diffmences. In one planet the proportionate distri- 
bution of the elements may differ, and even differ very 
mar cedly from that which prevails in some other planet. 



WHAT WJS mOM TUB SVJSf, 41 

But the general eonclusion remains, that the planets 
are formed of the elements which have so long been 
kno\Yn as terrestrial 5 for we cannot recognise any 
reason for believing that our earth alone, of all the 
orbs which circle around the sun, resembles that great 
central orb in general constitution.^ 

Now, we have in this general law a means of passing 
beyond the bounds of the solar system, and forming no 
indistinct conceptions as to the existence and character 
of worlds circling around other suns. For it will be 
seen in the chapter on the stars that these orbs, like 
our sun, contain in their substance many of the so-called 
terrestrial elements, while it may not unsafely be as- 
sorted that all or nearly all those elements, and few 
or no elements unknown to us, exist in the substance 
of every single star that shines upon ns from the 
coles tial concavo# Hence we conclude that ai'ound 
thoHO suns also there circle orbs constituted like them- 
selves, and therefore containing the elements with 
whioli wo aro familiar. And the mind is immediately 
led to speculate on. the uses which those elements aro 
intended to suhsorvo. If iron, for example, is present 
in some noble orb oircling around Sirius, we speculate 
not unreasonably respecting the existence on that orb 
— either now, or in the past, or at some future time — 
of being cai)able of applying that metal to the useful 
purposes which man makes it subserve, The imagi- 

^ It \vlll bo «ooii| in tho olmptor on ’Motcors and Cornets/ that 
this conoluHioii has a most Important bearing ou tho vlows we am 
to form I’ospooting tho original formation of the planetary solicmo. 
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nation suggests immediately the existence of arts tuid 
sciences, trades and manufactures, on that clislimt 
world. We know how intimately the use of iron Iihm 
been associated with the progress of human civilisa- 
tion, and though we must ever remain in iguoriuua? 
of the actual condition of intelligent beings in otluT 
worlds, we are yet led, by the mere presence of an 
element which is so closely related to tlio waiitti 
of man, to believe, with a new confidence, that for 
such beings those worlds must in truth have Ixmiii 
fashioned. 

I would fain dwell longer on the thoughts suggesi rd 
by the researches of KirohhoflF. Gladly, too, would 1 
enter at length on an account of those interesting din* 
coveries which have been made in connection with 
recent total eclipses of the sun. The requironienia 
of space, however, and some doubt ns to the dircnd. 
bearing of the last-named discoveries on the subject I 
have in hand, warn mo to forbear. One point, how 
ever, remains, which is too intimately connected with 
my subject to be passed over. 

I refer to the sun’s corona. 

It has been proved that the solar prominences con- 
sist of glowing vapours, hydrogen being their ohicf 
constituent. It has been found also, by comparing 
observations of the prominonce-speotra with elaborate 
researches into the peculiarities presented by the spec- 
trum of hydrogen at different pressures, that evon in 
the very neighbourhood of the solm- photosphere tlnmo 
vapours probably exist at a pressm-e so moderate us to 
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indtcato t-hafc tlie limits of the sun’s vaporous envelope 
cannot lie very far (relatively) from the outer solar 
cloud-layer. 

Now tho solar corona has been seen^ during total 
eclipses of the sun, to extend to a distance at least equal 
to the sun’s diameter from the eclipsed orb. So that, 
assuming tho corona to be a solar atmosphere, it would 
have a depth of about 860,000 miles, and being also 
drawn towards the sun by his enormous attractive 
energy (exceeding more than twenty-seven times that 
of tho earth), it could not fail to exert a pressure on 
Ins surface exceeding many thonsand-fold that of our 
air upon tho earth. In fact, such an atmosphere, let its 
outermost layers be as rare as we can conceive, would 
yet have its lower layers absolutely liquefied, if not 
solidified, by the enormous pressure to which they would 
bo subjected. We cannot, then, believe this corona to 
bo a solar atmosphere. 

Yet it is quite impossible to dissociate the corona 
from the sun. Until 1872 some attempted to do this, 
and not only so, but to make of the zodiacal light a 
torrostrial i)henomenon. But they had overlooked 
considerations which oppose themselves in’esistibly to 
such a oouolusion; and since the observation of the 
solar eclipse of December 1871, astronomers are of 
one accord in regarding the corona as appertaining to 
the sun. 

Bub the spectroscope has given certain very per- 
plexing evidence respecting the light of the corona, 
and it remains that we should endeavour to see how 
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that evidence bears on the interesting pi’oblem which 
the corona presents to our consideration. 

During the total eclipse of August 1869 the Ame- 
rican observers found that the spectrum of the corona 
is continuous, but crossed by certain bright lines. If 
we accept the absence of dark lines as established by 
the evidence (which is doubtful), this result seems at 
first sight very difficult to explain. Eeferring to the 
principles of spectroscopic analysis stated at pp. 38, 39, 
it will be seen that we should be led to infer that the 
corona consists of incandescent matter surrounded by 
certain glowing gases. It is difficult to suppose that 
this is the real explanation of the phenomenon. 

Now, remembering that we have two established 
facts for om- guidance-(i) the fact that the outer 
corona cannot be a solar atmosphere, and (ii) the fact 
that it must be a solar appendage— I think a way may 
be found towards a satisfactory explanation. 

Let it be premised that the bright lines of the 
coronal spectrum correspond in position, though not in 
brightness, to those seen in the spectrum of the aurora, 
and that the same lines are seen in the spectrum of the 
zodiacal light, and in that of the phosphorescent light 
occasionally seen over the heavens at night. 

Since we have every reason to believe that the light 
of the aurora is due to electrical discharges taking 
place in the upper regions of the air, we are invited to 
the behef that the coronal light may be due to similar 
discharges taking place between the pai-ticles (of what- 
ever nature) constituting the corona. 
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Now, though the appearance of an aurora is due to 
Bome special terrestrial action (however excited), yet 
the material substances between which the discharges 
take place must be assumed to be at all times present 
in the upper regions of air. In all probability, they 
are the particles of those meteors which the earth 
Is continually encountering. And since we know that 
meteor systems must be aggregated in far greater 
numbers near the sun than near the earth, we may 
regard the coronal light as due to electrical discharges 
excited by the sun’s action, and taking place between 
the members of such systems* Besides this light, 
however, there must necessarily be a large proportion 
of light reflected from these meteoric bodies. In this 
way the peculiar character of the coronal spectrum 
may bo readily accounted for. We know from the 
auroral spectrum that the i)rinoipal bright lines due 
to tho olectrical discharges would bo procisoly where 
we seo briglit lines in the coronal spectrum. But, 
besides those, there would bo fainter bright linos, corre- 
sponding to the various elements which exist in tho 
meteoric masses. These elements, we know, are tho 
same ns those in the substance of tho sun. Thus, 
the bright lines would correspond in position with tho 
dark lines of the solar spectrum. Hence, as light 
reflected by tho meteors would give the ordinary solar 
spectrum, there would result from the combination a 
continuous spectrum, on which the bright lines first 
mentioned would bo seen, as during the American 
eclipse, 
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pai'fcly for thia reason that I have here briefly considered 
the matter; but there is another and a most impqvtant 
relation in which these views must be regarded. 

We know that the sun is the sole source whence 
tight and heat are plentifully supplied to the worlds 
which circle around him. The question immediately 
suggests itself— Whence does the sun derive those 
amazing stores of force from whence he is continually 
supplying his dependent worlds? We know that 
were the sun a mass of burning matter, he would bo 
consumed in a few thousand years. We know that 
were he simply a heated body, radiating light and heat 
continually into space, he would in like manner have 

exhausted all his energies in a few thousand years 

a mere day in the history' of his system. Whence, 
then, comes the enormous siqiply of force which ho 
has afforded for millions on millions of years, and which 
he will doubtless continue to afford for at least as long n 
time as the worlds which circle around him have need of 
it — in other words, for countless ages yet tohome ? 

Now there are two ways in which the solar ener- 
gies might be mantained. The mere contraction of 
the solar substance, Helmholtz tells us, would sufflco 
to supply such enormous quantities of heat, that if the 
heat actually given out by the sun were due to thia 
cause alone, there would not, in many thousands of 
years, be any perceptible diminution of the sun’s 
diameter. Secondly, the continual downfall of me- 
teors upon the sun would cause an emission of heat. 
But though the sun’s increase of mass from this cause 
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may be quite certain that during a total solar eolipse 
the system would become visible. 

In the eclii^se of December 1871 striking evi- 
dence was obtained re speoting the corona. For Janssen 
was able to perceive the solar dark lines in the spec- 
tnim of the corona — proof unmistakable that a portion 
of tho coronal light is reflected sunlight, It had been 
a difficulty in tho meteoric theory that these solar 
lines had not been detected in tho faint continuous 
spectrum of tho corona. The meteoric theory, that is, 
the theory that a portion of tho coronal light is due to 
light-reflecting meteors round the sun, accorded with 
all the known phenomena of the corona except this 
single peculiarity, that (as was supposed) the spectrum 
showed no dark lines. Now that tho dark lines have 
been seen, all doubt seems finally removed. As 
Janssen said in the letter containing tho discovery, ^tlio 
atmosphevio theory is disposed of {tmncMe)^ and wo 
must recognise in the corona a circumsolar phenomenon 
containing effects of radiation, absorption, and reflection 
of light/ which it must bo tho business of future oolipse 
observers to analyse in detail. 

During the eclipse of July 1878 the corona was 
found to extend to at least seven or eight millions of 
miles from the body of the sun. 

It will be seen, in tho chapter on ^ Meteors and 
Comets,^ how important a bearing tho meteor theory 
of tho corona (that is, of a portion of its light) has 
upon tho history of tho solar system. It has boon 
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would not bo rendered perceptible in thousands of 
years, either by any change in his apparent size or by 
changes in the motions of his family of worlds, yet the 
supply of heat obtainable in this way can be but small 
compared with the sun’s emission of heat. This fol- 
lows from the limits between which Leven-ier has 
shown that the total mass of the meteors of our system 
must certainly lie.* 

It seems far from unlikely that both these processes 
ai’e in operation at the same time. Certainly the latter 
is, for wo know, from the motions of the meteoric 
bodies which reach the earth, that myriads of these 
bodies must continually fall upon the sun. If the 
corona and zodiacal light are really due to the existence 
of flights of meteoric systems circling around the sun, 
or to the existence in his neighbourhood of the peri- 
helia of many meteoric systems, then there must be a 
supply of light and heat from this source, though not 
nearly sufficient to account for the solar emission. 

It is wortliy of notice, however, that the asso- 
ciation between meteors and comets has some 
bearing on this question. We know that the most 
remarkable oharaoteristio of comets is the enormous 

' Uncluo stress has been laid upon tha probable ohangs in the 
length of the year, owing to tho downfall of meteors upon the 
sun’s innsa. It is forgotten that the crowded meteors forming tho 
solar corona aro already within tho earth’s orbit, and therefore 
already produoo their full oifoot on tho length of the year, Tho 
Bubsldonoo of all those bodies at once upon tho sun would not 
alfoot tho length of tho year, though It would loud to ooitaln modi- 
licattons in tho SGOukr perturbations of tho earth’s orbit in iigare 
and position. 
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notio compass directs the traveller over desert wastes 
01 trackless oceans 5 m tlieir sides, the aurora displays 
its brilliant streamers | while, amid the constellations 
which deck their heavens, meteors sweep suddenly into 
view, and comets extend their vast length athwart the 
celestial vault. 
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CHAPTER III. 

THE INEEBIOR PLANETS. 

In considering the habitability of various portions of 
the solar system, we have to draw a marked distinction 
between the planets which travel within the orbit of 
the earth and those which lie beyond its range. So 
far, indeed, as our belief in these orbs being inhabitiicl 
is concerned, we may apply the same processes of 
reasoning to one set of planets as to the other. Until 
it has been demonstrated that no form of life can exist 
upon a planet, the presumption must be that the planet 
is inhabited. But it is impossible to contemplate tho 
various members of our solar system without being led 
to consider their physical habitudes rather with relation 
to the wants of such creatures as exist upon our own 
earth, than merely with reference to the existence of 
life of some sort upon their surface. Viewing Vonuti 
and Mercury in this way, we have a different set of 
relations to deal with than we find among the outer 
planets. We are struck at once with the markijd 
effects which seem nssociable with them comparntivo 
proximity to the sun’s orb. This feature and tho 
shortness of their period of revolution— that is, of their 



TUB INFBmOIl FLANBTS. 53 

ycnr —aro the charactoriatio peculiarities we have to 
deal with. 

I would willingly pay some attention hero to the 
atovy of Vulcan, tho planet which has heen supposed 
to circle yet more closely than Mercury around the 
c(intro of our system, wore it not that I regard the 
cxiatonco of this i^lanet as utterly unlikely. 

Mercury circles around tho sun in the brief period 
of eighty-eight days, or rather less than three of our 
months. Bo that, if the planet has seasons, these must 
bo severally about three weeks long. His distance 
from the sun varies between somewhat wide limits, 
owing to tho eccentricity of his orbit. When he is 
nearest to tho sun, he receives ten and a half times 
more light and heat from that luminary than we do ; 
but when he roinovcs to his greatest distance, the light 
and heat ho rocuives are reduced by more than one- 
half. Even then, however, tho sun blazes in the skies 
of Mercury with a cliso four and a half times larger 
than tluit which ho presents to the observer on earth, 

Undoubtedly tliose pccxaliaribies, the shortness of 
the Mcroxirial year, and the immense amount of light 
and beat poured by tlie sim upon the planet, are oir- 
eum stances which do not encourage, at iirst sight, the 
holicf that any creatures can subsist upon this iilanet 
roHombling thoso with which we arc familiar. We see 
at once that all forms of vegetation in Mercury must 
differ in a very striking manner from those which exist 
upon tho earth, because their structure has to be 
adapted to much more rapid changes of temperature. 
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And the existence of a totally distinct flora Bugg(!HiH 
at once the belief that animal life on Mercury must be- 
very different from what wo see around ns. 

Let us, however, proceed a few stops farther. 

It has been found that Mercury rotates upon his 
axis, and if we may put faith in the observations of 
Schroter, the Mercurial day is only a few inimi(cn 
longer than, our own. But though the fact of tlm 
planet’s rotation has been observed, it has not been 
found possible to determine in what position the axis 
of rotation lies. It has been said that the planers 
equator is much more inclined than the earth’s to tluj 
plane in which the planet travels ; but little rolimitm 
can be placed on the evidence which has been addiusul 
in favour of this view. 

Wo are thus left altogether in doubt ns to I In* 
nature of the Mercurial seasons. 'I'hat the planet has 
seasons of some sort we are certain, because oven if 
the axis were so placed that porputual spring reigned 
upon the planet — I mean, that the days and niglds 
were at all times and in all places equal — ^yet his 
varying distance from the sun Avonld give ohnngoH of 
temperature quite ns marked as those which olinriu!- 
teriso our seasons in England, and very muoli inoio 
marked than those known in tropical regions. Of 
course, if this is the actual arrangement, there are dif- 
ferent climates in diflerenb parts of the planet. Near 
his poles the sun, though visible for half the Morctnrinl 
day, attains yet but n low elevation above the horiKon j 
just as he does on a spring day within onr own jKiliir 
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oirclefi. At the equator the sun passes day after day 
to the zonitli, and pours down upon the planet an 
amount of light and heat far exceeding the light and 
heat of our tropical climates. A sun immediately 
overhead, and showing a diameter varying from more 
than twice to more than three times that of our sun, 
must be a noble and may be a terrible phenomena in 
the skies of Mercury. 

There is yet another arrangement by which, to a 
portion of the planet, at any rate, the Mercurial seasons 
might bo tempered. If his axis is so placed that what 
would be the winter season were his orbit not eccentrio 
takes place, for one hemisphere, when the planet is 
nearest to the sun, then undoubtedly it may very well 
Imppon (the inclination of his axis being suitably ad- 
justed) that this so-called winter season is the warmest 
part of the year for that hemisphere. In this case 
there would ho the least possible violence in the suc- 
cession of the Mercurial seasons for that hemisphere, 
lUit in the otlier hemisphere the seasonal changes 
would be correspondingly intensified, 

In either of thoso cases, it is readily conceivablo 
that oven forms of life resembling those wo ni'e ac- 
quainted with on earth might exist on Mercury, and 
tills without any special provision for tempering the 
great heat and light of the sun, Thoso regions which 
correspond to our tempovate and trojiical zones would 
indeed soarcoly bo habitablo \ but the polar regions of 
the planet would not form a disagreeable abode. 

If, however, the equator of the planet is very much 
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iiioliued to the piano in whioli Moroxiry i 
cannot bo cloubtod that no fortti of life ki 
earth can possibly exist upon Mcrcnry, wit 
special arningeinents for tempering tlio 
changes, This will appear when wo conn 
with the effect of the great inclination w 
astvonomors have ascribed to the (niuiitnv ( 
and therefore we need not consider the voli 
regard to Mercury, respecting whos(! axial ii 
no tnistworthy information has hitherto been 

It remains for us to consider what sort of 
may have been made to temper the great he 
by fclie snn upon Mercury. 

Iho climate of a planet, considered gen 
largely influoucefl by the nature of the plum 
sphere. Wo have very clear ovidenue on tl 
in the effects wliich wo notice on our own e 
we ascend to the summit of a lofty rnountiiiii 
the air much colder than at its base. In Indii 
the full heat of a tropical sun is poured day , 
upon the snowy surnmits of the Illmalayns, 
flir continues colder than in the bitterest ir 
weather oxporiencod by us in England. Not 
solar rays have no power. The heat is, in 
even greater than on the plains, bocauso it 
been intercepted by vapour-laden air. But 
itself is not heated. Oiving to its extreme vii 
dryness, it neither impedes the passage of t 
heat to the earth, nor prevents the return of t 
from the earth by radiation or reJleotion} u 
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very fact, that it does not impede the passage of heat, 
means nothing else than that the air does not become 
heated.^ 

Wo havGj then, so far as a rare atmosphere is con- 
cerned, two points to dwell upon — ^the readiness with 
which such an atmosphere permits the sim^s heat to 
reach the surface of a planet, and the readiness with 
which it permits the planet’s heat to pass away into 
space. Now we might feel doubtful which of these 
two effects was chiefly to bo regarded, were it not that 
on our own earth we have experience of the effects of 
a very rare atmos2)hei*o. We know that the climate 
of very elevated regions is relatively much cooler than 
that of places on the plain. Thus we learn that the 
direct heating powers of the sun are not so much to be 
considered, in judging of the climate of any region, as 
the quality of the atmosphere. 

Yet we must not deceive ourselves by inferring 
that more rarity of atmosphere can compensate fully 
for an increased intensity of solar heat. It is not 

^ Tho following passage, quoted by Prof. Tyndall from Hooker's 
‘Himalayan Journals,' lllusfcratos the pcouliaiities referred to 
above : ' At 10,000 foot, in December, at 9 A.&t,, I saw the moroury 
mount to 1S2°, while the tomporatiiro of shaded snow hardly was 
22°, At 18,100 foot, in January, at 9 A.M., it has stood at 98°, 
^vith a dift'eroiicQ of (38-2® and at 10 a.m., at 111° with a dilteronce 
of 81*1°, whilst tho radiating thormomotor on the snow had 
fallen at sunrise to 0*7°.’ Such observations ns these are well 
worth studying. It is interesting tg consider that at the summit 
of the highest peaks of tho Himalayas tho mid-day heat due to 
tho sun must sometimes bo near if not above the boiling point 
corresponding to those places, since water would boll on Mount 
Bvoroat at a tomporatiiro of little more than ICO®. 
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true that the climate of a place on the slopes of tUo 
Andes or the Himalayas corresponds to that of u 
region on the plain which has an atmosphere equally 
warm. The circumstances are, in fact, wholly dii- 
ferent. On the idain there is, it is true, the saino 
amount of heat in the case supposed; but the air 
is denser and more moisture-laden: the nights nrrt 
warmer because the skies are loss clear and the hoah 
escaping from the earth is intercepted by clouds or by 
the transparent aqueous vapour in the air ; and, lastly, 
there is not so gi-eat a contrast between the warmth of 
the air and the direct heat of the solar rays. 

If the atmosphere of Mercury, therefore, be exooH- 
sively rare, as some have supposed, so as to afford an 
Alpine or Himalayan climate in comparison with th«» 
tremendous heat we should otherwise ascribe to th(i 
climate of tho plauet, there would by no moans resulb 
a state of tilings resembling that with which wo av(i 
familiar on earth. Wo must not, in our anxieliy to 
people Mercury with creatures such as wo know of, 
blind onrselvos to the diflicnlties which have to lut 
encountered. We cannot thin the Mercurial iiir, 
without adding to tho direct cfTocts of tho sun upon, 
the Mercurial inhabitants. Whether in this way wo 
increase the habitability of the planet may bo doubted, 
when wo consider that the direct action of the Hun*H 
rays upon tho tropical regions of Mercury, thus ilc- 
prived of atmospheric protection, would produce a hoitt 
four or five times greater than that of boiling watov* 
It will hardly be thought that tho intense cold in tlio 
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increase of moisture in the air tends to an increaso 
of warmth ; because the aqueous vapour exeroises a 
greater effect in preventing the escape of heat from 
the earth than in guarding the earth hom the solar 
rays. And, as I have said, the only dirmtio effeefc 
we can associate with the frequent presence of largo 
quantities of aqueous vapour in the air, or theroforo 
with an ordinarily clouded state of the sky, is that of 
a general increase of heat. But, just as we know that 
a cloudy day is not necessarily nor even commonly a 
warm day, it may well be that an atmosphere so don so 
as to be at all times cloud-laden serves as a protection 
from the sun’s intense heat. So that, instead of assign- 
ing dense atmospheres exclusively to the more distaub 
planets, as some astronomers have done, we might lu> 
led to see in an envelope of great density the means of 
defending the inhabitants of Mercury and Venus from 
the otherwise unendurable rays of their near neigli- 
bour the sun. 

Although Mercury is not a planet which can lio 
satisfactorily examined with the telescope, yet, so fur 
as can be judged from his aspect, his atmosphere is in 
reality much denser than our earth’s, and loaded wilH 
cloud-masses of enormous extent. Still the evidence ou 
these points is far from satisfactory ; and there is ono 
peculiarity of the planet which does not accord witli 
this view of the constitution of his atmosphere. Un- 
doubtedly, if the light we receive from Mercury caitn J 
from a cloudy envelope, at would be more brilliant than 
the light we should receive from the surface of ct>n— 
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shade, or during the Mercurial night, would cora- 
peufiate foi- 80 terrible a heat. In fact, this view of 
the Mercurial climate would lead ua to find a close 
resemblance between the inhabitants of the planet and 
the unfortunates described by Dante as doomed 

A sofTorir tormeuti o oaldi e gioli* 

It would seem hard to believe in the existence of any 
organised foims under such conditions, unless perha^is 
Buoh ‘ microscopic creatures, with siliceous coverings,’ 
na Whewell proposed to people Venus with. 

However, wo have yet to consider whether an 
atmosphere of a different sort might not be better 
suited to the requirements of Mercury. We have 
seen the oReots of a rare atmosphere } let us inquire 
into those which might be ascribed to a dense one. 

, The ordinary effect of a dense atmosphere we know 
to be an increase of heat, which is certainly not what 
we require in the case of Mercury. Nor are we 
familiar with any region upon our earth in which a 
dense atmosphere produces a contrary effect j 

80 that we have no analogy to support us in the belief 
that possibly a dense atmosphere might, under par- 
ticular oiroumstances, serve to guard a planet from 
the solar rays. It seems possible, however, that an 
atmosphere might he so constituted as to remain 
almost constantly loaded with heavy cloud-masses. In 
this case it by no means follows that such effects would 
follow as we ordinarily associate with a moisture- 
laden atmosphere. Up to a certain point, doubtless, the 
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tinents and oceans, In fact, the most brilliant light 
we could receive from a globe of a given size, placed 
at a given distance from the sun, would be that which 
would be reflected were such a globe covered with 
clouds. Now there can be no doubt whatever that 
Mercury does not reflect the same proportion of light 
from his surface that some of the planets do. He 
would bo, when favourably situated, the brightest of all 
the planets, were this so though, seen as he always 
is, on the bright background of a full twilight sky, 
he would not make so striking an appearance as 
Jupiter does when in opposition. This, however, is 
not the case. I remember being much struck by the 
superior light of Jupiter, on the afternoon of February 
23 , 1868 , when the two planets were very close to- 
gether, Moroiiry being nearly at his brightest, whereas 
Jupiter, then near conjunction, was considerably less 

* riaolng Moroury In porihoHou nnd at his olongation, we get a 
iialP tllfio, the planet about 00,000,000 miles from us, and about 
00,000,000 from the sun, his diaraotor about 8,000 miles. Now, if 
wo wish to compare tlio light ho then Bonds us with that of Jupiter 
at his brightest, on tho assumption of equal reflectivo powers, we 
must take Jupitor at a distance of about 860,000,000 miles from us, 
nnd about 460,000,000 miles from tho sun, showing a full diso, his 
dinmotor about 00,000 milos (I pub all the numbors rom<Zt for con* 
vonionco of oalmilatlon). Wo And, then, that the ratio of Morcury^s 
light to Jupi tor’s Is 

1 (8,000V (90,000V 

"a (00,000,000V X (80,000,000)* : (000,000,000vx(460,000,000v 
or, 4 (4V (16V J M exactly 2 to 1, 

Tho observation above oited is sufiiolont to prove that a very dif- 
ferent state of things actually prevails; in other words, that the 
rollcotivo powers of tho two planets are very different i unless, in- 
deed, Jupitor shines in part by inherent light. 
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bright than when in opposition. Venus was oloso by* 
and outshone both Mercury and Jupiter. 

It seems difficult, therefore, to believe that the light 
of Mercury comes from a cloudy envelope. But there 
is still one supposition which may restore our belief 
in the habitability of the planet by creatures not very 
different from those which inhabit our earth. If it htis 
a double cloud envelope, the upper like our cirruH 
clouds, less compact than the lower, and permitting a 
portion of the sunlight to pass through, it is possiblo 
that the lower oloud-layor would be seen partly in 
shadow. I must admit that the explanation is not 
quite satisfactory, because, just as much light as tho 
outer clouds intercepted they would reflect; still, it is 
conceivable that the usual arrangement of those cloudB 
may be such that to us, who do not look at tho planofc 
in the direction in which the sun’s rays fall, but some- 
what aslant, the shadows of the upper clouds upon tho 
dense and compact lower envelope may be rendered in 
large part visible. 

After all, the reader may prefer the view whioU 
recognises in the polar regions of Mercury places 
suitable for organic existences, while the equatorial 
and neighbouring regions are zones of fii’e, whoflts 
dangers the bravest Mercurials, tho very Livingsbones 
upon that planet, would not dare to face. We mny 
picture to ourselves, on this view, tho various oou 
trivances by which the inhabitants of the two politt 
(that is, in reality, temperate) circles manage to com- 
municate. There may be regions where favouring 
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ciroum stances narrow the uninhabitable zone so much 
that the inhabitants of one polar circle may travel to 
the other (or, at leasts cross the most dangerous portion 
of the hot zone) in the course of the Mercurial night. 
Or perhaps tunnels may be run, or sheltered cuttings 
madC) along which the voyage may be made in com- 
parative safety. Ocean communications there can he 
none, if the Mercurial sides are clear, since the sun’s 
heat on the tropical zone would suflSce to boil away 
any water which might find its way there. 

Certainly, the smallness of the planet and the dimin- 
ished effects of gravity upon its surface, would tend to 
make communication much easier, and the construction 
of protective tunnels or cuttings a comparatively light 
task. What the exact force of gravity at the surface 
ul Mercury may be we do not know, because our 
means of determining the mass of the planet are nob so 
satisfactory as in the case of the other primary members 
of the solar system. If Meromy had a satellite, we 
could tell his weight at once. If he were as large as 
Venus, we could tell his weight by observing his effect 
in disturbing the motions of that planet. As it is, the 
only means we have of weighing Mercury is the obser- 
vation of his effect in disturbing any comet which may 
pass near him. In this way the planet has been weighed, 
but the balance thus employed is not a satisfactory one 
altogether, because we are not quite certain how much 
of the disturbance of a comet when near Mercury is 
due to the planet’s atbraotion. Formerly it was sup- 
posed that the mean density of Mercury is equal to 
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that of lead; but from the perturbations of Enoke’s 
comet in Mercury’s neighbourhood, astronomers have 
been led to the conclusion that the density of the 
planet is not more than one-sixth greater than our 
earth’s. It follows that as his diameter is little more 
than 3,000 miles, our earth is about fifteen times as 
heavy as Mercury. Gravity at his surface is such 
that a pound weight of ours would weigh rather less 
than seven ounces of Mercury. Hence the creatures 
which seem to us most unwieldy— the elephant, the 
hippopotamus, and the rhinoceros, or even those vast 
monsters, the mammoth, the mastodon, and the mega- 
therium, which bore sway over our globe in far-off eras 

might emulate on Mercury the agility of the antelope 

or the greyhound. 

There can be no doubt that where gravity acts so 
feebly, all engineering operations would be rendered 
very much simpler — bridges could have a wider span, 
and yet be stronger than our terrestrial ones, buildings 
could be loftier and yet be raised more easily, and 
transit of all sorts would be effected much more readily, 
while at the same time the distances to be traversed aro 
very much less than on oiir earth, since the surface of 
Mercury is little more than one-seventh of the earth’s, 

The peculiarities which characterise Venus aro for 
the most part similar in kind to those we have had to 
consider in the case of Mercury. But nt the outset of 
our inquiries into the physical habitudes of this most 
beautiful planet, we must point to the striking re- 
semblance which it hears, in some respects, to our own 
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earth. So far, indeed, as telescopic and physical re- 
geaxolies have yet led us, the planet Mars, as we shall 
presently see, appears to exhibit habitudes more closely 
corresponding to those we are apt to consider essential 
to the wants of living creatures. Bub in size, in situa- 
tion, and in density, in the length of her seasons and 
of her rotation, in the figure of her orbit, and in the 
amount of light and heat she receives from the sun, 
Venus bears a more striking resemblance to the earth 
than any orb within the solar system. In fact, there 
is no other pair of planets between which so many 
analogies can be traced as between Venus and the 
earth. Uranus and Neptune are similar in many re- 
spects, but they differ in at least as many, Jupiter 
and Saturn are, in a sense, the brother giants of the 
solar scheme, while the dwarf orbs Mai’s and Merciuy 
present many striking points of similarity | but between 
neither of these pairs can we trace so many features 
of resemblance as those which characterise the twin 
planets Venus and Terra, while the features of dis- 
similarity in either pair are perhaps even more obvious 
than the points of resemblance. Had Venus but a 
moon as the earth has, wo might doubt whether, in the 
whole universe, two orbs exist which are so strikingly 
similar to each other. 

And here we may pause for a moment to consider 
one of the most perplexing enigmas that has ever been 
presented to astronomers. Are wo indeed certain that 
Venus has no moon? The question seems a strange 
one, when it is remembered that year after year Venna 

If 
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has been examined by the most eminent modern ob- 
servers, armed with telescopes of the most exquisite 
defining power, without any truce of a companion orb 
being noticed. Nor indeed can any reasonable doubl s 
be entertained respecting the moonless condition of 
Venus by those who appreciate the character of 
modern telescopic observations. And yet, if I Imd 
begun this paragraph by stating tho evidence in favour 
of the existence of a satellite, I believe that nearly 
every reader would have come to tho conclusion tlial. 
most certainly tho Planet of Love has nn attendaul. 
orb. They are not amateur observers only who liavn 
seen a moon attending on Venus, but such nstvonomors 
as Cassini and Short, the latter with two different teh'- 
scopes and four different eye-pieces. Four times, bts- 
tween May 3 and 11, 1701, Montaigne saw a body 
near Venus which presented a phase similar to that of 
tho planet, precisely as a sutollito would have dono. 
From these observations M. Baudouin deduced for (ho 
new star a diameter of about 2,000 miles, and a distaiuo' 
from Venus nearly equal to that which sepavatos tlio 
moon from tho earth. In March 1704, again, Riidldrr 
saw the enigmatical companion ; Horrebow saw it u 
few days later j and Montbaron saw it in varying lawi- 
tions on March 16, 28, and 20. Lastly, Sohouten, win* 
witnessed the transit of Venus in 1761, declares tlitil 
he saw a satellite accompany Venus across the face e>r 
the sun. So that we cannot bo greatly surprised tlmt 
some are still disposed to believe in tho existence of n 
satellite of Venus. 
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Thon^ Ih liMln mMmHioii todwoH upon V<‘iiiim*« mornw 
I08H (jondU iiniii hoi'imnn thn inferior plimoln iiro inwU 
li!H 8 ulVdt'liiil hy iho Avimf* of a moon Omn a wnpiTior 
pliinofi would bn. Th(^ norvioo noHlt'Ujd by onr own nnmn, 
asu linjiiiiuvy nf ilin nighf,, in l\u) Inaal, inqmrlanl; wea k 
hIh^ (l(a*H in onv linlialb It in wh ibo obinr rn/(n 1 alor of 
llu^ tiibui tliuf, tlu^ moon liolVioialH nw iuohI. unoiully^ 
Now V<nma lain jio ui*od of Iniair tidoa. Aamnnin^f 
thal> nho hua oonana annh aa llioao vvhi<jb oxinl/ npon (ho 
i‘arlh, lior Holar fcidoH munk bi) about two and a Iiulf 
tinnaj an high uh Ibo notar tidoH miaod in our own 
<)(!i‘aiiai Now, m\vi\ mar lunar tidal wavo is about two 
and a ladf tinioH m Iji/;li aa tlio aolur oini, \v(^ hav(^ lidna 
vanginj,( b(;twnnu Urn hifjboHt apriinj lidcra, wlii(d\ avo 
tbrno and u Indf timna an hl|fh \va tim radar lido alum?, 
and tbo krwoKi: noap tbloH, whioli aro only ono anil a 
lialf tiimni nn high an Ibo Jtolar wavo. Voiiua linn (Jon- 
HlunI tiiloH, llu?V(>foro, oinTomiumliiig vary oloiady i o I bo 
moan tidon mi our own oarth 5 and lluirofuro imrfootly 
wall adajitnd to Huhrrorvi? all I In? purponiiH wld<jb onr 
tidort r(?nd(n' nw, only witli hm vurioly in tholr rnodn of 
opmallon. Moronry idno Iiuh HnlU(?imitly blgb radar 
tidaw, raippOHiug ho ban oxtonniv(? oooauH (whbdi jiray 
nmnonaldy bo unoHl ionod), ntnoo tlm HimdlmiHH of bin 
dinimmimm (tending of omnno Io diiuinlah tbo dilVon?mai 
ofaollon, on wbioh tbo Huidn tidal in(bmm!odnpmi(la)ia 
fully oomponHidotl by Ida groat proximity In thab orb. 

VonuH liuH a yoarof aiidday« 17 hmuH, vory noarly, 
and her dlHlanoofrom tboHim, wldoli varloHlittlo<lurjng 
tbo oourno of a ytmr, k mnnrwliut \vm tliim Uiruo-fourtliH 
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of that whicli separates the sun from us. Her day ib 
about thirty-five minutes shorter than ours, and her 
globe somewhat small ei* than the earth s. 

It is clear that, merely in the greater proximity of 
Venus to the sun, there is little to render at least a 
large proportion of her surface uninhabitable by such 
beings as exist upon our eai’th. The sun, as seen iii 
her skies, has a diameter one-third larger than he pre- 
sents to us ; and his apparent surface dimensions, on 
which of course his heating and illuminating powers 
depend, are greater in the proportion of about sixteen 
to nine. This undoubtedly would render his heat 
almost unbearable in the equatorial regions of Venus, 
but in her temperate and sub-arctio regions a climate 
which we should find well suited to our requirements 
might very well exist ; while her polar regions might 
correspond to our temperate zones, and be the abode of 
bhe most active and enterprising races existing upon 
her surface. 

Here, however, we have been supposing that Venus 
has seasons resembling our own in character — in other 
words, that her axis of rotation is inclined at about the 
same angle to the plane in which she travels. Obser- 
vations have been made, according to which a very 
different state of things would appear to prevail. It 
has been said, on the authority of observers of some 
eminence, that her axis is inclined only 16 ^ to the plane 
of her orbit. ‘ If this is really the case, a number of 

* If tlio obsorvationB of Do Vico may bo trusted, tlio inclination 
of Venus, though less than 76°, is still so oonsidornblo (about 
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regions* For, near our poles, tke sun approaches the 
horizon at the hour corresponding to noon ; and though 
ho does not show his face, ho yet lights up the southern 
shios with a cheering twilight glow* But during tho 
greater part of the long night of Venus’s polar regions, 
the sun does not approach within many degrees of tho 
horizon. Nay, he is farther below the horizon than tho 
midnight winter sun of our arctic regions. Thus, un- 
less the sides are lit up with auroral sploiidours, an in- 
tense darkness prevails during the polar winter which 
must add largely to the horrors of that terrible season* 
Certainly, none of tho human races upon our earth 
could boar the altorniitions between these more than 
polar terrors and an intensity of summer heat far ex- 
ceeding any with which wo are familiar on earth* 

Let ufi see whether the equatorial regions are more 
pleasing abodes. 

In thoflo parts of Venus there are two summers, 
corresponding to tho spring and autumn of the polar 
regions. At these seasons the sun rises day after day 
to the point overhead, and tho weather corresponds for 
awhile to that which prevails in Uie tropical regions of 
our own earth. But hetweon these seasons the sun 
passes away iilternatoly to the northern and Boutlicrn 
skies* During the season corresponding to summer 
he is above the horizon nearly throughout tho 23 
hoiirs of Venus’s day j ^ but he attains no great elova- 

‘ On Uio oquator itaolf, oa on our own, tho day is always equal 
in longfch to tho night. Tho nbovo aoeoiint correspondB to a plnoo 
near tho bonTevH of tho eqaatoiial zone. 
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Singular and somewhat complicated relations are pre- 
Bented, the result of which it may be interesting to 
exhibit to the reader. 

In the first place, the arctic regions of Venus ex- 
tend within fifteen degrees of her equator (if the axis 
is really bowed as supposed), while the tropics extend 
within fifteen degrees of her poles— so that two zones, 
larger by far than the temperate zones of our earth, 
belong both to her arctic and to her tropical regions. 
It is difficult to say whether her equatorial, her polar, 
or her arctico-tropical regions would be, to our ideas, 
the least pleasing portion of her globe. 

An inhabitant of the regions near either pole has to 
endure extremes of heat and cold such as would suffice 
to destroy nearly every race of living beings subsisting 
upon the earth. During the summer the sun circles 
continually close to the point overhead, so that, day 
after day, ho pours down his rays with an intensity of 
heat and of light exceeding nearly twofold the mid-day 
light and heat of our own tropical sun. Only for a 
short time, in autumn and in spring, does the sun rise 
and set in these regions. A spring or autumn day, 
like one of our days at those seasons, lasts about twelve 
hours j but the sun attains at noon, in spring or autumn, 
a height of only a few degrees above the horizon. Then 
presently comes on the terrible winter, lasting about 
three of our months, but far more striking in its cha- 
racteristics oven than the long winter night of our polar 


ns to justify tlio gonorol oo&olnsions deduced in the following psTa- 
grophs. 
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lion, travelling always in a Bmall circle close around . 
tile northern polOi During the season corresponding 
to ^YiTltGr he is above the horizon only a very short 
time each day, and is always close to the south, attain- 
ing oi^ly C-n elevation of a few degrees at noon* Thus 
wo have the following curious succession of seasons; 
at the vernal equinox a summer much warmer than 
our tropical summers \ about 66 days later, or at the 
Hummor solstice, weather resembling somewhat the 
spring of our temperate zones, only that the night is 
exceedingly short; yet 66 days later there is another 
summer, ns terrible as the former ; and lastly, at the 
winter solstice, the days are shorter and the cold pro- 
bably more intense than in the winter of places near 
onr Arctic Circles, In such regions the contrasts, 
rather than either of the extremes of climate, would be 
most trying to terrestrial races; and it is scarcely too 
much to say that no races subsisting upon our earth 
tiould possibly endure such remai'kable changes, suc- 
ceeding each other so rapidly. 

Lastly, the beings who inhabit the wide zones 
which are at once tropical and ai’ctxc have climates 
ranging between the two limits just considered. If 
they nro near tlie equatorial regions they suffer from 
all the vicissitudes of the equatorial climate, with this 
furUier tribulation, that in midwinter they do not see 
the sun oven at mid-day — a circumstance by no means 
compensated (according to our ideas) by the fact that 
near the summer solstice the sun does not set. If they 
arc near the polar regions, they have a summer even 
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more terrible than the polar summer, and a winter 
scarcely less dreary and bitter. 

Fortunately for our belief in the habitability of 
Venus, astronomers are far from accepting with con- 
fidence the assertions of those observers who have as- 
signed to Venus an inclination so remarkable. If her 
inclination at all resembles the earth’s, there is every 
reason to believe that her physical habitudes also re- 
semble those of the earth. In this case, the argument 
from analogy, presented in the opening chapter of this 
work, seems to force upon us the conclusion that she is 
inhabited ; while we may believe, though perhaps with 
less confidence, that a close resemblance subsists be- 
tween the creatures which people her surface and those 
with which we are acquainted. 

We have no direct evidence, indeed, on which to 
ground our belief that the great proximity of Venus 
to the sun may not be accomjranied by any very 
remarkable peculiarities in the characteristics of her 
climate. But we have an indirect argument of somo 
strength. If Venus is much nearer than the earth 
to the sun, the earth, in turn, is much neai'er to the 
sun than Mars is. Yet, as we shall see in the next 
chapter, we have clear evidence from telescopic obser- 
vation, and still clearer evidence in the results of spec- 
troscopic research, that the climatic arrangements on 
Mars do not differ in any remarkable degree from those 
of our own earth. It would follow, therefore, ns at 
least probable, that a similar resemblance prevails be- 
tween the climate of the earth and that of Venus. So 
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that, despite the claim which Dr. Whewell has put in 
for microscopic animalcules with siliceous coverings as 
the sole inhabitants of Venus, I can find no reason (if 
the abnormal axial inclination above considered is once 
disproved) for denying that she may be the abode of 
creatures as fax advanced in the scale of creation as 
any which exist upon the earth. 

Gravity at the surface of Venus is so nearly equal 
to terrestrial gravity that the difference is altogether 
insufficient to introduce any noteworthy effects, 

Venus is the only planet the extent of whose atmo- 
sphere has been carefully estimated. If Venus had no 
atmosphere, she would present, when horned, a semi- 
circular convexity ; whereas the refractive effects of an 
atmosphere, by causing the sun to illumine rather 
more than a full hemisphere, would tend to lengthen 
her horns. It has been found that her convexity when 
she is horned exceeds a semioirole, and from the 
observed extent of this excess, it has been calculated 
that her atmosphere is so far more extensive than ours 
as to make its refractive effects on a body near the 
horizon about one-third greater. So that, this being 
about the proportion in which the diameter of the sun 
as seen from Venus exceeds that which he presents to 
us, the inhabitant of Venus, like the inhabitant of our 
earth, sees the sun fully raised above the horizon at the 
moment when, but for reflection, his orb would be just 
concealed beneath it. 

Of the constitution of the atmosphere of Venus we 
know little. The spectrum of her light shows the 



74 


OTJIEli WORLDS TUAN OURS, 


dark lines wliioh liolong to tho solar H|)(jutruni, and tli» 
Padre Socclii lias noticed oortain faint linos, wlilol* 
seem to indicate the presonco of niiueons vapour in 
the atmosjiliere of tho planet. Hut ho scarcely given 
satisfactory evidcnco that tho linos ho huB tlmo Bomi 
were not duo to tho absoriitioii oxoroisod bynijutmuH 
vapour in our own atmosphoro, Tho same oliHurvor 
finds, in the strongtliciiing of tho nitrogen linoH near 
the F lino of tho speutruin, ovidonco that tho titinu- 
sphoro of Venus is constituted vory similarly to tlict 
air we breatlio. 

On tlie wholo, tho ovidonco wo have iiointH very 
strongly to Venus as the nbudo of living oroaturoH not 
unlike tho inhabitants of earth. With tho solo oxnnji- 
tion of the inclination, which has boon, without sullitiioii t, 
evidence, assigned to tho plnnot’s cipuitor, I wui sou 
nothing which can reasonably bo held to poitit. to 
an opposite conclusion. Tho strong light whioli iJio 
sun pours upon Venus need least of all bo obj<i<st<!il 
to, since, if there is one adaptativo power wliioli Nat uro 
exhibits more clearly than another, it is that by whitih 
the various creatures wo are nequaintod with are oimbhul 
to live in comfort under all degrees of light, from thu 
obscurity in which tho molo pursuos his subtorrmuNin 
rosearohoa, to tlio blnzing light of the noondivy Him 
towards which (in fable, if not in fact) tho eagle tiiviiH 
his unshrinking eyes. 

There is one peculiarity which yet remains to b« 
noticed. Many are disposed to find, in tho beauty of 
tho celestial objects which dock tho skies of diilbront 
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planeb u oortain proof that reasoning beings must 
exist who can appreciate the display. Surely the 
argument has very little force, since we know that 
myriads on myriads of ages must have passed, during 
which the glories of oui- own heavens were displayed, 
mg it after niglit, with none to regai'd them. The 
moon has passed through all her phases, the star of 
morning and of ove has shed its soft radiance upon the 

terrestrial landscape, Juiiiter and Saturn have pursued 

thoir stately courses among the fixed stars, and the 
glories of those constellations which shine with equal 
splendour upon all the planets of the solar scheme 
have been displayed in all their unchanging magnifi- 
conco, while as yet our earth was the abode but of 
hkleouB reptiles, or of yet more monstrous creatures in 
forest and in plain. 

If this argument were really of force, doubtless 
there are no planets in the whole range of the solar 
system to which it might not be applied. Each has 
Horao special object of beauty in its heavens, which is 
not exhibited to the rest. Certainly Mercuiy and 
Voiins are no oxoeptions to this rule. The inhabitant 
of Morctiry sees in Venus an orb which, when favour- 
ably situated, far outshines in splendour the brightest 
of tho planetary orbs soon in our skies. So fai', indeed, 
ns light-giving power is concerned, Venus must be no 
contemptible moon to the Mercurials when she is neaiiy 
m opposition. Our earth, too, with its companion 
moon, must form a noble object in the sky of Mercury, 
though, without toleacoiiio aid, the moon perhaps may 
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aot be separately visible. To the inhabitants of Venus, 
Mercury and the earth must be splendid objects. The 
former would not only appear much larger than to 
ourselves, but being seen almost as favourably as wo 
see Venus, would form a much more striking object in 
the morning or evening skies of that planet. The earth, 
as seen by the inhabitants of Venus, must shine much 
more splendidly than Jupiter does in our skies. Our 
moon must be distinctly visible, so that, without the 
aid of any telescope, the inhabitant of Venus has suoh 
evidence of the Copernican theory as would sufBoe, if 
properly handled, to rout the ranks of the Ptolemaists, 
supposing there have ever been people in Venus who 
imagined the tiny globe they live upon to be the 
centre of the universe. 
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CHAPTER IV. 

MARS, THE MINIATURE OF OUR EARTH. 

It ia aingulav tliafc, among all the orbs which circle 
around the sun, one only, and that almost the least of 
tho primary planets, should exhibit clearly and unmis- 
takably the signs which mark a planet as the abode 
of life. We have examined Mercury and Venus, the 
only other orbs which belong like the earth and Mars 
to tho flohcme of the minor planets, and we have found 
little to guide us to any certain conclusion respecting 
their physical habitudes. When we pass beyond the 
wide gap which sopamtos tho minor planets from tho 
giant members of the solar family, we shall find much 
to attract our admiration, much to force upon ns tho 
Ixiliof that those orbs have been created to be the 
al)odcH of even nobler races than those which subsist 
upon eur earth j but wo shall find little to justify us in 
aHserting that they resemble the earth in those habi- 
tudes whioh seem essential to the wants of terrestrial 
TUccK. ilio planet Mars, on the other hand, exhibits 
in the (dearost manner tire traces of adaptation to the 
wants of living beings such as we are acquainted with. 
Processes are at work out yonder in space which 
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appoOTuttorly uB0leB8, ft/unl wo«to of Nnlura’# energlw, 
unless, like Uioir oorrokUves on earth, they sulwervo 
the mtits of organised beings. 

I would nob indeed insinb, iw some have done, Im 
strongly upon this argiiinont. I know Mail on every 
side wo HPO tokens of an exubemnt nelivily In Nnlnre, 
which, according to our ideas, may appear to mvonr of 
wustofulnoss. Tho cloud which hn# been raiiied by 
the solar onorgios from tropical sens, and which the 
winds luvvo wai'tod over oontinouy, may ahwi ila 
waters on tho sea or in tho desert, whem aeemingly 
they aro wholly wasted. Winds may spend their 
force apparently in vain. And In a thoniand ways 
Nature's busy forges may lie at work where we, in our 
ahort-sightednoss, eon see no usoful purjKMsn which they 
subserve. 

Bub blicro la a marked dlstincUon between »«eh «p» 
parent instances of wnstelhl notion, and the »y*leniftUe 
prooosBos which aro taking place over tha globe «f 
Mara. 

Upon our earth wo onu dimly trane out a nscMslty 
(depending upon tho order which nctuiUly mditj) for 
that whloh appears to reaomblo wait©. We tee, for 
inatanoo, that If a country or a oonUnent i* to be 
vldotl with a duo supply of roln, without wpematunud 
intorvenbion at ovary stop of tho proeeii, tliat wtdt 
oMi only bo seeurod by wlinb may be deswibid m a 
random dlatrthutlon, Involving always what (to m f«» 
BombloB waste. Xf, out of a timoMnd showm, ten imly 
fall HO as to ho uschil to the land, the uaefnl rtlnlhUf 
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servo to explain (so to speak) the seemingly wasted 
onea* 

In the case of Mars we have no such explanation 
of the processes we observe, if we dismiss onr belief 
that he is the abode of living creatiu’es. For if Mars 
be, indeed, untenanted by any forms of life, then these 
processes, going on year after year and century after 
century, represent an exertion of energy which appears 
absolutely without conceivable utility. If one cloud 
out of a hundred of those which shed their waters upon 
Mars supplies in any degree the wants of living 
creatures, then the purport of those clouds is not un- 
intelligible ; but if nob a single race of beings peoples 
that distant world, then indeed we seem compelled to 
say that in Mars at least Nature^s forces seem wholly 
wasted* 

Let US consider what astronomy has taught us 
respecting the ruddy planet* 

The globe of Mars is about 6,000 miles in diameter, 
so that his linear dimensions bear to those of the earth 
the proportion of about 6 to 8. His surface, therefore, 
is less than that of the earth in the proportion of about 
26 to 64, or more exactly (and more conveniently), the 
surface of the earth is 2^ times as extensive as that of 
Mars. 

The substance of Mars has an average density 
rather less than three-fourths of our earth’s, or very 
nearly four times that of water. Thus gravity at his 
surface is much less than terrestrial gravity. It is even 
leas, in fact, than gravity at the surface of Mercury, 
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inBoiatioh that one of our pound weight# placed at the 
surfaoo of Mara would weigh but Cost* 8dwfc8ij instead 
of nearly 7 ounoo8,n8 on Mercury. I have already dwell 
on tho offecta of anoh a relation na thia, and ahall hnva 
oocaaion, when doacrlbing tho condition of Jupiiur, to 
diaouBa tho convorao relation. But I may remark, in 
pasBingjltow aingular it ia that woBhoiiltl bo oaim«iiUjd 
to people tho amalleat planota with tho Inrgeat inhubit* 
anta, if wo wlah to bring tho inhabllmita of different 
orba to about tho aauio aoalo of activity. A Daniel 
Iiainbert on Mara would bo able to leap onaily to 
a hoighb of flvo or aix feet, and ho could run faster 
than tho boat of our teircatrlal athletes. A man of 
hia weight, but proportioned moro auitably for athletlo 
oxorolaoa, could leap over a twelve-foot wall. On the 
other hand, a light and aotivo stripling romovctl to 
Jupiter would bo aoarcely able to move from plfttse to 
place. On tho aim hia own weight wiuUd simply 
crush him to death. 

Mara travel# in an orbit of otmaiderabki oeocntriclty j 
in fact, tho centre of hia orbit ia no lesa than 1 8,000,000 
milea from tho aun. Aooordlngly, tlie light and heat 
ho roooivoa from that luraiimry vary to on IraiJortiUBt 
extent. In faot, he goti about half ns muoh heat and 
light again when in porihoUon na when in aphnlinn. 
Thia oirouraatanoe affcota tu an important nxlunt Urn 
olimatio rolationa of hia two hemhtifoerw, m w» Bbatl 
preaently aoo. 

When Mara ia at hia mean dlatanoe from the tun, 
the light and heat ho reoelvea are 1 m than own in the 
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piopnrliou ,)f uluiut 4 to «. Tho loiigtU of his yeai 
»1 ho <!()iiH|.if,utoH II noloworUiy oiro.iiinHtnnco in which 
liiii ImhiUidi'H (lillhr fi-om bluwo of our cartli. His your 
ifdiiliuiiH vory Hourly 087 of onr (lay«, ho that caoh of 
tho Miutiiui (luiirtorfl liiHiB ahoufc fig of our monblis. 
Hut, owinji; to blio oooinitrioiby of Iuh orbit, tho winter 
luitl Hiiniiiiiir of tlio nortlioru and Houthorii hoiniapheroH 
iiro not. (•( I iiul. Tlio Martian day ia nearly forty minutoa 
liiii|ror tluiii ourH.' 

Ilia iMjuator IK inoliiiod at an aiiglo of about 21 ^ 
dogroort t(i (ho piano of Iuh orbit, and aa tho eorro- 
Hlioiidiiigf iiiolination in tho ohro of tho earth is about 
aai degraoH, it will bo HiHin that Iuh HoiiHonal oliangoH 
do not. difTor inuoh in oharaotor, ao far at loast iih they 
dopi’ud (in iuoliiiution, from our own. 

Tho uxIh of MiirH Ih ho flitimbod that tho BUinmor 
of luH nuviheru IionilHphoro oecurH when ho ib athia 
ginuli'Ht (liHtancu from tho aim. T'ho aamo relation 
holdit in him caHo of the earth, tho Hun being 1,600,000 
mileM neuver to uh in winter than in Huininor, whoreaa, 
to thoHO ^vll() live in tho Bouthevn hoiniaphoro, ho ap- 
proaolum nearer in Hummor than in winter. But tho 
eHeelH ruHulting from the relation in tlio oaae of Mara 

> More oxiKilly, llio loitgtli of llio Miirllim diiy Ih SOi, t(7tn. Sa-Ta. 
'I'lilH i<«ltiiiiil 4 i I liiwu oliliiliiml by ooiiiiiiirtiig ploUinm livicon by 
(u inoit, (vinl by Dhwhh iind llrowiiing In IHOO-dtt— tiikbiff 
liKMiftiiUniiM III Mwmro Hint no uoinpldto rolnllon Hlumld iinywlioio 
Imi b«i olglit of. Ktil'dir obUtiiiod ti porlort dlirmlng only fliuiUonlli 
Ilf n iii'iKinil friiin inino i but nvoii HiIm nihuII (llKoriipnnuy In ruuiovcd 
wbiiii (ii'rlatii oUirlcitl iiiriirii In Kniwir'ii work (iia lilu uuuuling 1700 
unit IKOO iw iwiii-yoino, und wrongly onnoollng for olmngo of ulylo) 
KMi rminivMt. 

Q 
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must bti very much more striking than those we re- 
cognise. For whereas the sun gives only one-fifteenth 
more heat to the whole earth in January than he does 
in July, the sun of Mars gives half as much light 
again in perihelion as in aphelion. The summer of 
the northern hemisphere of Mars must ho rendered 
much cooler and the winter much warmer by this ar- 
rangement, On the other hand, the contrast between 
the summer and winter of the southern hemisphere is 
rendered more striking than it otherwise would bo. 

It is, however, the telescopic aspect of Mars rather 
than relations such as we have been dealing with that 
aflfords the most interesting evidence respecting the 
fitness of the planet to be the abode of living orea- 
tures. Although the least but one among the primary 
planets— a mere speck compared with Jupiter and 
Saturn — Mars has been examined more minutely and 
under more favourable circumstances than any object 
in the heavens except the moon. He does not ap- 
proach us so closely as Venus, nor does his disc appear 
so large as Jupiter’s, yet he is seen more favour^ 
ably than the former planet, and on a larger scale, in 
reality, than the latter. In fact, whereas Venus is 
one of the most unsatisfactory of all telescopic ob- 
jects. Mars is one of the most pleasing } and whereas 
Jupiter is always more than 880,000,000 of miles fronl 
us. Mars sometimes approaches us within less than 
40,000,000 of miles. 

Yet even this distance is enormous, and it affinrds 
high evidence of the skill with which? modern tele-. 
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soopos are aonsbrucfced and used that astronomers 
should have been able to span that mighty gulfj and 
to bring from beyond it reliable information respecting 
the structure of so distant a world, 

Suoh information has been brought, however, and is 
full of interest. 

Viewed with the naked eye, the most remarkable 
feature Mars presents is his ruddy colour. In the 
telescope this colour is not lost, but instead of charac- 
terising the whole surface of the planet, it is confined 
to particular regions — the intermediate parts being for 
the most part darker, and of a somewhat greenish hue* 
But a noteworthy feature adds largely to the beauty 
of the picture presented by the globe of Mars. Two 
bright spots of white light are seen on opposite sides 
of his disc, presenting precisely such an appearance 
as we might imagine the snowy poles of our earth to 
exhibit to an astronomer on the planet Venus, 

Towards the edge of the diso the ruddy and the 
greenish tracts are lost in a misty whiteness, which 
grows gradually brighter up to the very border of the 
planet* This peculiarity, as will be seen, is one of the 
most instructive features of the planet^a aspect. 

In August 1877 two minute moons were discovered 
which travel around Mars in about 30^ hours and 
about 7f hours respectively. 

It was discerned, more than two hundred years ago, 
that the reddish spots on Mars, and the dai^ker regions 
which lie between them, ore not accidental or variable 
phenomena, but represent permanent peculiarities of 
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tlie Martian Burfaco. Caaaini, with one of thoHo out - 
rageously long telescopea which Avcro used hoforo tlu^ 
invention of achromatic refractorB, was the first to dia- 
cover this. But the ingoniouB Hooke soems to havr 
obtained better views of Mars in 1CG6. At IciiHt, bin 
pictures of the planet are the only ones taken in tlin 
seventeenth century in %vhioh .1 can recognise the llo^v' 
well-known aspect of the Martian continents and oc('au!<. 

Later, Marnldi and the llorschols, Arago, Stsoebi, 
Kunowski, Beer, and Miidlor, nnd a host of otlu'i' 
ejninent astronomers, have not thouglrt tlve Bi.inly 
of this pfianet’s aspjeot beneath their notice. Within 
the last few years, also, this work has been pro 80 ont(’.tl 
by Dawes, Green, E. Trouvolot, and others. l)aw<!H , 
whose acuteness of vision earned for him the title of tbn 
< eagle-eyed,’ took so many and such admirable vhnvH 
of the planet as to render it possible to form a globe of 
Mai's. Sir William Horscbel had oliarfcod tho pjhHnil , 
and Messrs. Beer and Madler bad made improved Mar- 
tian maps; while PliillipiB bad constructed two globi>Ht»f 
Mars in wMob many features wore presented. Hul. 
Mr. Dawes’s pictures of tlie pdanet wore Bufilciont, wbon 
carefully compared, for tho formation of a globe in 
which no large area of the planet should bo left barn of 
details. Ho entrusted to mo no loss than twenty-sevu i » 
drawings of Mars, tho choicest speoimons of a vt^ry 
largo scries, that I might chart tho pdanet from them . 
From the study of his drawings the accompanying ebiii t 
has been formed. Of tho four illustrative vIoavb lUn 
upper wore drawn by Mr. Trouvelot at Harvard, tlm 




Mark in 1877 (TroiweM). 
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lower ))y Mr. Nfvtli, Olnstm. Th« oliiivt of Milih, iii 
which Uui (livvkor i)art« of (ho [ilanoi) iiro iiKMumod 1:0 
ho KOUH aiul (ih« lighl'.or triicts onnliiionlirf, oxhilniB 
the I'OHultH oblaiiied from the study of tho couiphdii 
HorioH. 'riiiH (jliart in on Mtsrciilw'w pr»j<vi(.iou, luid 
i« iiivorhid — th<i Houth poliir rogiotiH, that, is, aro at 
tlui top — hotauiHO tho toloHcopoa coinmonly UHod hy 
ohaorvorH oxhihit inv(n‘t(!d viowH of tho o<doH(ial oh- 
jootH, At till) top of tho map wo hoo tho ioy ro^fUMi 
which lioH at tho wmthoni polo of ATara. Ar<)>iiiil 
that ro^rioa iu a soa ujinaiuod in tho mapH. '.I.’hon 
along tho Houthorn tomjKU’ato '/ono tiutro lio hovoihI 
traotB of Jiartian land, iiamod after olworvorH of tho 
planet. Thoso rogiona ajtpoar to form a oontinuouH 
laud-holt votmd tho touiptnato zone ; tlxuigh thoro 
in Homo luuiorliiiuty on thia point., owing to (ho I'mit 
l.liat tho (loaHlr-liiio in not of(;oti very diH(,iiu)l;ly viHihlo. 
Wo now approaoli, Imwovm', a part of tlw; map whom 
all tho f<)a(.ur(;H ani thoroughly rocogniKod and jianiia- 
nont, Next to tho olndo of land juHt domnilmd iJiom 
iH a luairly coniploto cirolo of water, ono Htrlp only of 
land ooniKioting tho <i((natovial contjnontH of Mara 
with the HOUth toinporato zone of ininor eoiilhionia, 
llogimiiiig at tho oaBtern or lol't-liand oxtnnnity of 
tho map, wo liavo a long mi tialled Aluraldi 9<ja 
parallel to whioh nuiB IlVadcn Boa, (.ronding In a 
novth-woHlorly <iir(!otion, and ho running Into Jhiwoii 
Ooeuu } still lartluir west are two viiHt iHlaiids, oallod 
.laooh lalaiid and Diillips Island, l)ol.wtion whi<di 
nms Ariigo Btrait, Iloyond tlumo islaiids lies l)o Iu 
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Rue Ocean, communicating by narrow straits with 
two strikingly similar seas. Here tbe zone of water 
ends, and we have only to note further respecting it ^ 
that in He la Hue Ocean there is a large island, 
which presents so stritdngly brilliant an aspect tbat 
it has been supposed to be covered (ordinarily) with 

snow. It has been called Hawes’s Ice Island. 

I now come, to the most remarkable feature of the 
Martian geography— or perhaps I ought rather to say, 
areogrwphy. This is the great equatorial zone ot 
continents. There are four of these. On the left o 
the map is Hersehel l. Continent. Next is Dawes 
Continent, the largest of the four, and separated from 
the former by a long sea called Kaiser Sea. This son 
; i is one of the most striking marks on the planet, and 
has been recognised from the earliest days of tolesoopio 
observation. It is connected towards the east with a, 
flask-shaped sea, somewhat resembling the two which 
lie at the western extremity of the zone of water just 
desoribed. At its northernmost end it turns sharply 
westward, and forms the southern boundary of Dawes 
Continent. Further west lies Mftdler Continent, sepjv. 
rated from Dawes Continent by a long strait, which 
runs almqst directly north and south, Lastly, there is 
Secchi Continent, separated from Mfidler Continent 
by Bessel Inlet and from Hersohel Continent by 
Huggins Inlet. A large lake on the last-named con* 
tinentis worthy of notice on account of its singular, 
shape. It consistB of two bell-shaped seas connected 
, by a narrow and; sharply eurved strait. i 
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Tins novIluMu hulf of Iiuh iioIj bonu m tiuh 
A*oii|jrhly oxinniluul UH Mio Boiithnrn, for a roiiHon wliioli 
'vill pvoHontly Im moiilioiiofl. Hi m known, liow(ivnr, 
ill all oHHonlml rospuotH, ili roHombloH tluiHoutlnon 
luMuirtpliore, to tho oqualorial zoiin of ooutinonlH 

thoro (toiiuffi a z(*ii<) of watar, «)x^)iiu<liTi/( ab onn ^lainb 
lull) IWiar Hrii, null ab anollxu' into Tyolui Haa. 'I'lion 
aonioH a zoiio (if laiiil, (lallotl Ijaplaao Lund, in wlitoli 
li<w an ononnouH lulco (?nlln(l Dolumbro Won, Noxt in 
a narrow znno of witlor, oulkal tho HuliWib^r Won : ninl 
HO wo r(‘aoli tlio north polar it;o**oap. 

I biivo Imm Hp(^aldng of Uio Hpotn on Miiva na 
flnnigli lhay undonl^tinlly nquxiHonlod hind itnd \vul(n’. 
}h\t iv' V diHpom'd to qu(?HUon tini ovi(lnno(i 

wo luivn oil tliiH pond: — to ask why tlio vudily Hpota 
alnmltl Im h<dd to bo oontinontH or iHlandu, and tho 
gn'onMiH’oloorad tnarldiiga to (xjoaiiH, noart, and 
lalu^s. Wo know ilmt for u long tiino ivll<?r Mm in- 
vontion of tlu^ Itdcmoopo, iial rononiora oiilhsl tho diirk<n‘ 
portioiiH of tbn union, Ttioy apolco of llio Hon of 

Horonily, ilio Hisi of (JriHOH, I ho Won of IlnrnonrH, innl 
HO on ; and wo know now for oorlain that Mioho dnaky 
rogions nro not Hona, It iniiy bo askoil, thondoni, how 
\vi’ (sui f(M‘l ooilniu tluit Mio darlc apota <in MnvN nvo 
niMNlUH, 

At Hrat aight thiH qiioHiiou aonioH u diilhndi ono 
to uHHWor. Tli(» inoafc poworfnl tohmanpos liavo lioon 
diroottal idwiir<lM tho moon, without idlbiding any 
Biitiafiudory information ri'Hpoatlng tlm condition of 
ittt Hurfaeu, Mnra, thorofons whhdi liuH -uvon unUur 
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tlio inoHt fiivomuhlo oiiwiiiiHltnuTH imoio (luui onn 
luni(Ut!<l luul mxl,y Hiikih ruiMn'r IVoiii utillum Ui.» 111.1..11, 
iniglifclm UxMiglifc i,.. iHi itlKtgHlnn- I..701..I (h- n-.i.-h 
ofourtoloKOopiHlH- iH. Iiir, h(. Irunl, ai. any 
of tho Mavlitm miilaon in ooiin-no d. iWit, mu' ini- 
1,01‘taiib (liHliuotiou lasiwooii Mava and tlm iiimm i.ita.l 
lio (iavofully allimdod i^». 'I’lio lanl'ai o of ilm nmm, ia 
ahvaya tho waino - no lail.ural laociMtiioii m-i iii ovm- to 
tako iilaoo ovor Unit itnaio of dmolaliou, llnotgli (ho 
moon ia oxiioHod to i-oiiliaiilH <d' loni|ii-ia(ut.'. .'.Mopar. d 

with whioh tho diHliiiotioii li. ( wi‘i-ii Mio iidoiia.-i.t hrat 

of our Hiuiimiu'rt and tho laltoront. oold of .air wintmH 
HOoniH idtogotlior ovanoHooid. Hut on Mara I ho ojiko 
iH (jortniiily dilVoroiit. Wlnitovor opiid “ •aiy fm oi 
roHpeoting Mavtian Imliitiidoa, wlioilior wo iim'oii « ..r 
not that Mara in tho aliodo of any foiiini id aidnnd lifo, 
thorn can ho no qucHtloii whatmor lh i(. idiyidi al jum* 
COKHCH of ohango aro Inking |tlaoo mi n grand aoido in 
that (liHtant world. Many ovidi nioa of thin oan ho id. 
oncii adiliicod. Wo have H|ii<l!on of tho Maitian !• i- 
tnrCH im coiiHtant. Tlioy diffor, for im.l aiico, from I lie 
inarkiiigH on .rn)iilcr, which aro im olaingoful loi t)io 
iiHiioot of our April tiltion. Hut- (h-ingh tho namo 
niarkiug may havo hern hocii hy HimiIio in Ithid, hy 
Maraldi In Ifild, hy llcraclicl in HHO, hy Ih-m- and 
jVladlorin IHIKI IJ?, and hy IMwoh in d,’i, ye) it 

hy no moiiim followa that ii. iti alwaya vinihlo who» the 
part of Mam to which it holmigH in linin d t*nvmdi< tni, 
A veil iK HomolimcH drawn t»vcr it fur hmiio nr oven 
daya togollun’. And thin veil Inin nothing t«i do with 
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<lio (liHUuotiioHH or iudiHtiuc.tnoHH wiLli wliioU our o’nm 
i> 1 -inc)H|^)horo ponnitB uk to hco tlio plimot. A spot will 
1)11 hlnrrwl tnuliiuliHl inot wlimiftnoiylibouring moiidng 
iH (*xlul)il,<i(l with uiniKiiJi! olomium 

Lot UH ooiiHidor an iiiBlunco oF thin pociiliarity. On 
OotoJuir a, 1802, lato in tlio ovoiiiiig, a part of Dawes 
Oooiin, whom it bordorH on lloiwliol Continent, was 
hidiloii from view. In pbico of tlio ordinarily dark 
UBpoiifc of tliirt region, a fiiiut, uiiBty light, with ill- 
dolinod bordorH, was oiiHorvalilo. A« tlio evening pro- 
groHHed the outlines gradually booamo olonror, but at 
uliout half-piiBt olevon the wliite light fltill continued 
t«> veil the outline of a part of DawcB Ocean, Bat Mr. 
DawcH, oliHerviiig Mars at a uniirlor puHt twelve, 
found tliat the pvoeoBtt of elouring up noticed in 
the earlier part of the iiiglit bad emlirely lifted off 
the veil whieli eoneealed the eoartt-line, The remains 
of the minty light Been iiarUor are Btill to ho detected 
in Mr, DawoB'H ilrawing, hut they have imBHcd fartlier 
Kouth, and no longer bide the BhoreH of Dawes Ocean. 

The I’lidvo »Sccolii of the Oellegio Komano states 
tliat lie luiH often noticed Hinvilar aiipcaranoGB while 
oliHorving MavH with the lino refraetor in tho observa- 
tory of that iiiBtitutinn, 

But yet another iiconliavlty of the Bame Bort remains 
to he mentioned. Mam, as I have Hiiid, Iuih his winter 
and summer HoafloiiH. Since we know the position of 
the Martian collator upon Ins Hurface, we can tell what 
Hciisun is in progrcBS in either liemiH| ihoro at any given 
time. Now, it haa been noticed that wluui it is winter 
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ill onii luMuiniilM^ns iimi Huriiiii»»r in fli»* t*flun', 

Uio fonnnr lininiMiiltnrn in n» iiviy nUvay^* hi»M‘ ri iiimi 

Yi(5W liy jiuif. HUnhu vril im I ijml vn *.f 

I niiiy ivniarU, in pannin/r, Itiuf. ilitsi pirnliavity linn 
lad iimiiy nh.uavnvii In Innn vi*ry mniM'nnu inipn 
VOMp<T.liii{( di^diilnilinii of land nud wnlr-r uvi r 
HUrriicnof Alima iStadn/; ono hniiii! phnw mvrod f»ir 
wonkn lo/fnllnaMvilli wliiliidi liKld* Ho y liavn rMiM-lnd. d 
iJnil, Honn nvo in* nn»-iinN llnanj iind if liny kavc* nn 

ollnu’ nppniiuniiy of oliMri viini: llin pl;nnd,llin ini! l!d;*ni 

iinpriniHinn ninuunn, niid ia puldialii d In Ikn mold with 
nil (ho nuilniriiy <^f fin* nluan vri‘n naiuir, 

Now, whaf in lliiii vnil svlilnh psnnn tlMMM< fnr u fcnv 
InmvH or diiyH, uf oIIomh for mtinlliH tn|*rfhi i, ia dnuvn 
ovor (;)io fniit.nroH <*f iht* Minlian tliivo wi* iiuy 

tinTOHliial by inraioi t*l wliioh wt* nn*y inf nr * 

pn^t ihin plionoiinMinn V 

^IV) inonvnr llinito (po fiHnina In! Oa rnnrHivn fbo 
oiiHO of nil oliMorvor on Vrimn \>iHlrldnfi; *nu nnifli, 
WoilM Jiiinh nn oliMPivor nhvnvH if* *' fln^ ff nlinn ii of 
iluH globo ^vilh n«pU4l ili? liiirhn ! ? Win n lo avy 
muHROH of oloud uro diuvvii uwr n widi^ i ^p io o of 
{?tniulry Kpr*»iidiiifj ollrn^ \v\ no o rrr^nd, fnv 

liuudntilh, Hint nvnii flimnumdaof mil* t. riin anp][wi?^n 
iliuf iho iiHUononn*!' on Vonin* Onulil pi»^o o 
iliO voil V Hinno wo ranind moo fbo Pnijld of fho 
HUH ilirongli H d'aiMO nli»Uil“Vril, wonmy 1 o ri rUiiMflin! 
iho oliMorvor on Vnnu« raimof rho orr nu^ nntj 
nontinonln tif (tor nnrfli wlion ftoo^ rlond i^lrndt^i^rd. 
Bo far HH tin* ijloud**vnil nsdoml?*, fbo laink nnd tsran of 
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this globe would bo to him, at suoU a tiuio, as though 
tlioy were not* 

Horo, then, wo have an avgiunont from analogy for 
supposing that tho voil, which from tiino to time con- 
ceals the Martian features, may resomblo torrestrial 
cloud-banks. Lot na next inquire wlicther there is 
anything in the behaviour of the Martian veil to justify 
this view. 

It ia clear that if we hold the concealing medium to 
be of a cloudy nature, the disappearance of tho fcaturcja 
of tho hemisphere which is passing through tho Martian 
winter would indicate that in winter tho Martian aides 
are more clouded than in aummor. Wo know that 
this is the case on our own earth, that fogs and mists, 
clouds, rain, and snow, arc j^honomcna far more fm- 
qiiently observed in winter than in summor. Wo 
Imow also why it is ao* Tho cold winter air is unable 
to retain tho aqueous vapour continually passing into 
it, and is thns forced to preeipitato this vapour in oiu^ 
or other of the forms just named. Nor can wo see any 
reason why tho Martian atinosplioro, suiiposing it to 
r(»aomblo our own, should not act in precisely tho mmo 
manner# Thus wo recogniso, in tho roitinrka))lo seaHonul 
peculiarity above described, what seems to bo the exact 
counterpart of procGHses recognised upon tho earth# 

l^erluips tho reader may bo disposed to inquire 
whether tho clearing up of a portion of tho Martian 
disc obseiwod by Dawes admits of iutorprotation in a 
similar way# To this it may bo replied tluit, from tho 
observed position of the region in question, the Martian 
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iwHO 0/ iiin^t luivM Hnni<nvlu^r(^ nlwuit 

noon, and idamlono o’oloidc in tho uKoniMuii (lu’riodiniJ 
to our tornmirlul jnodn of r(*rl{niiiii|r) wlion Mv, Diiwrjf 
ol)H()vvo(l ilio iilanoL It in no tinrnmnuni iliiii/r to mini 

ouv tornjHtrial nlcioH <d(‘av nj> mnai aliiM' inidMluy j lunl 

if tlio Yoilwluoh iioiioohIh t lin Marl inn fral uv<'H in roiiUy 
cloudy, thirt in j>vroinnty wliut liu{*|MMU‘d out yoiulrr^ 
forty inilliouH of iniloH away fnan uh, on llio day in 
quotation. 

I think (ho rrudiT will at loaMl ooncodo that (lio 
oxplaimlion hm) givoii of (Iu'MO jjnMdiaritit'H in iitioo 
imtural than ono wdihdi waa put hn wavd anino linio 
hIuoo by an oiniiaud. l‘Votioh anironmnor. llo ui>p it 
that Marliun vo|jola(inn, inH((aul <ir lioing groon lilu^ 
onvfl, ifl red; lanufi^ iutho MarlianHtnnnu'r, iho Hurruon,^ 
(iH Hcoji by UH, amminoH a rtiddy aapfoi, whilo flu* 
wintry honuHplna'o Iohoh ilM naldy lint. Aorovdiit>| 
to tlilH intovprotation, Nuch ohaiqjoH an worn noUrrd by 
Bccolii would indioato (ho middon bloonihijf forfJi m| 
Martian vogtdalhai ovor hinidrrda r»f >i:<jUato ruiloH of 
tho Martian Hurfacol 

To tin? oviilonm? nlroady doull wlfh may tin addi d 
that which la alVordnrt hy (ho wiutonoHK fit (ho di^o 
of Mara n(?ar tho odgo. Knowing lhat tho jairla of 
Mara whhsh (lum appoar conoralod in iniHl. am iho^o 
wlioro it ih morning or ovoning to (ho Mavtiann, \Ktf* 
Hco a cloHO analogy ln‘1'0 torroMlriivl ndaliona, «lnri«^ 
our nwti HkioH arc? <tnmmo??ly moro inoUtnro^udoii iu 
tho morning and ovnning tliau iu?ar inidHhiyJ 

* In llm * Tutmlar Uuvlnw ' (nr JfHmmiy iHaVi I 
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I may here pause, in passing, to notice under what 
difficulties the observation of Mai's is conducted by 
the terrestrial observer. To begin with, the sky must 
be exceptionally clear; and none but the practised 
observer knows how seldom there occurs what ia called 
‘ a good observing night.* Then it must be afi/n^e dciy 
for the Marticms^ for clouds over Mars, or even an im- 
perfectly clear atmosphere, must produce quite as bad 
an effect in spoiling the definition of Mtirtian features 
as similar phenomena on earth. Again, Mars only 
comes into a favourable position once in every two and 
a quarter years, continuing to be well placed for only 
a few months. Thus it happens that, although Mars 
has been telescopically observed for more than two 
hundred years, the actual time during which he has 
been favourably placed for observation has been very 
much less; and talcing into account all the require- 
ments for good definition, it may bo said that Moi’S 
has not been under really effective observation for 
more than a very few days. 

Of course if we admit that the vaporous envelope 
which occasionally hides parts of Mars is aqueous, we 
must believe in the existence of oceans upon Mai’S. 
And from our knowledge of the appearance of our 
own seas, we should immediately recognise the greenish 

dlcatcd 4 aubsidlaiy explanation of tlila poouHarlty, founded on 
the probable abapo oC the Marfcian clouds. For tbo eaiuo reason 
that, near the horizon, our own oiimulus olouda sooin more closely 
packed than overhead, tho Marbiniis would Boa a olearor sky ovor- 
hoad than near tho horizon. It follows at onco that wo should eoa 
best thoBo parts of tho Burf aco of Mars which wo look down upon 
In a nearly vortical direction, that Is, tho contral parts of his disc. 
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parta of Mara m tho Martian oooani, anti lo<»k uprni 
tlio ruddy parta as oontinonta* Wo Itavu aoen that tho 
bolmvlour of tho vni-lous onvolopoa oarroBjwiHlH to 
that of our own cloudH and fog«. But it might ho 
thought poBsiblo that tho vntwura arlHO from fluid* 
obhot than water } that, hi fact, a ahito of things osisis 
upon Mars wholly difl'oront from Unit whioli provails 
upon our own earth • 

A fow years ago It would Itiivo hiion very dlfllmilt to 
dleprovo Buoh on argument a* this, howovor fanclfnl it 
may aaom, But tlio wondarfid powcra of Ihe tip«rtn>- 
Boopo have boon applied to this ipuwtiou, and them is 
no mifltaking tho results which hiivo boon obtdntKi. 
Wo must promlao that this la hardly a favourable tmm 
for tho application of apootrosooplo annlysisi whioh (ft« 
avallablo to tho astronomer) deida most effeotlvely with 
self-luminous objeota. Still, Lhoro w«a a ijoatibiUty 
that tho light which tioinea from Mars might ImvaUrwo 
BO acted upon by vapours In the Martian utnuMpInisrw 
that its apootrum would bo aflhotod in an apprteittble 
maimori 

Mti Hoggins oxnralnod Mar* In 1804 without Mtl»» 
factory roauUs, but at tho opposition of Man lu 1807 
ho was more auoooBsful, In tho Mlowlng diMfiption 
of hla most striking obBorvaticm I oidtomtse hia 
oooount. On Fobruary 14 ho examined M«m with ft 
BpQotroBoopo attached to his {lowarCal 8«ineb 
Tho rajnbow-qolourod streak was n«if tha 

orange part, by groups of dark lines ogreeliif in iml* 
tion * with lines whioli make ibelr appMranoe in the 
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fiolar speotrum when the sun is low down so that its 
light has to traverse the denser strata of oiir atmo- 
sphere** To determine whether these lines belonged 
to the light from Mars or were caused by our own 
atmosphere, Mr. Huggins turned hia spectroscope 
towards the moon, which happened to be nearer the 
horizon than Mars, so that the atmospheric lines would 
bo stronger in the moon’s speotrum than in that of the 
planet, But the gi’oup of lines referred to was not 
visible in the lunar spectrum. Hence it was clear 
that they belong to the Martian atmosphere, and not 
to ours, 

I have said that these lines appear in the solar 
spectrum when the sun is shining thiwgh the denser 
strata of our atmosphere ; so that the Martian atmo- 
sphere must contain at least those constituent vapours 
whoso existence in our atmosphere causes the appear- 
ance of these lines in the solar spectrum. Hence there 
must be some similarity between the Martian atino3j)hero 
and our own. But we know from the researches of the 
Padre Secohi that it is the aqueous vapour in our air 
which causes the appearance of the lines in question. 
Hence there must be aqueous vapour in the Martian 
atmosphere. 

The discovery at once justifies the title of the pre- 
sent chapter. Let us consider what a number of inter- 
e sting results follow from it. 

The water in the Martian air must be raised from 
seas and rivers upon the planet. Those, therefo):o, 
Qousist of water, and not of other fluids. The two 
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white spots, then, on the Martian disc are no longoi 
doubtful appearances. Before the discovery that watoi* 
exists on Mars it was perhaps somewhat bold to pro- 
nounce that these spots certainly indicate the prosonoo 
of ice-fields around the Martian poles, resembling thofl(» 
which exist around the poles of the earth. Sir WilHum 
ITersohel, indeed, with that confidence which ho alwayH 
showed when he had a trustworthy analogy to gnulo 
him, came to this conclusion on the strength of tbo 
correspondence between the changes of the two spol H 
and the progress of the Martian seasons. But many 
astronomers felt that there was still room to doulib 
whether he could reaHy speak of the spots as— 

The snowy poles of moonless Mars, 

Now, however, we know that they can be no otlior 
than snow-caps. Nay, if Mars were so far off that vve 
could not distinguish these spots, we could yet, on iha 
strength of what the specti’oscope has taught uh, 
pronounce confidently that his polar regions miint 
be ice-bound. 

Let us proceed a step or two farther. We havo 
Been that there are oceans on Mors ; wo know that 
clouds and vapours arise from those oceans, and ar« 
wafted over his continents j and finally, we have learned 
that snow falls oil the Martian polar regions. TIuihw 
facts are very interesting in themselves, but tlu^y 
indicate the occurrence of processes yet more inter-* 
esting. The formation and the dissipation of cloud hi 
ai’e among the most important of all the processes hy 
which Nature arranges and modifies the temperaiiirti 
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of mir ('inOi, TIkj lidiit of fclio hiiu’h niyu Ih uhihJ n]i, ho 
lo Hpciik, in ruiHiiig urpK’ttuH vnpcnu’ from Mm mirfiiot) 
of fclui ooonii, TIiuh Mm air is rondorod wiolor Miim ifc 
oMmnviHo woiikl bo, and Miih takoa piano juHfc wIko'o 
noolnoHB ifl moHti noodod. Hull Mm n<iu<!OiiH vapour, 
oimo raiood, ia Hwnpfc by Mm windfito oMnirro/fioiiH. Bo 
loiij.' ns Mm air rmuaiiiN warm Mm nipmouti vapour ro- 
tnaiiiH nimlmiii'od j btifc ho soon an it linn boon (sarrim l 
to noldor rn/,doiiK it ia nomlonand into Mm form of a cloud 
or iniat, and wliilo «lianf(ing to tliia form it jiarla with 
Mm boat wbioh bad turned it into vapour. TIiuh wbnru 
boat ia in oxcoah, it ia iiKcd up in forming aqimoiiH 
vapour { and wboro beat in wanted, l;lmro Mm ainmoiiH 
vapour diatributoH it. 

Wo HOC, Mmn, Mint on Mara Micro oxiHta tlm auum 
admiralilo nontrivanco for tompnring olinuitoH wbiob wo 
find on our own oartb. 

Jlut lot ua oouHidor yet nnotlmr ofibui fulfilbal by 
aqucoiiH vapour. It not only howoh to convoy tlin 
boat from tlm warmer parts of tlm earth to tboim 
regiouH wboro beat jb most imedod j it foriiiH oIoikIh 
wbiob Korvo Ix) Hlndtor Mm earth from Mm Huii’alieat liy 
day, and to prevent the oHenpo of tlm earlb’H heat by 
night, wbiob alwo, In refresbing raiuB, ‘drop falncHH 
on Mm eavtb.’ Now tlm oIoikIh on Mara are oertaiidy 
diBHipatxid in houio way, ImoauHc, as I have Huiil* 
aHtrononmrs bavo rojmatedly «e<m tlmm diHiippenr, 
And doubtloHH, like our own obmdH, they are oftoij 
diflHlpaled by tlm huu’h heat. Jlut wo may lake it for 
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granted that, like onr tcrrentrinl olmulB, Uuty arr* nlw 
often diBHipatod by fidling in min. Thn« (b« Martian 
IntidB are iiourlBhod by vnrmHlting miiifallas and who 
onn doubt that they arts tbna lumrlshod for tliu mnu* 
purpoBO na ottr own IWlda and forcHls^-niuncly, tbivt 
vogotiitiou of all aorta may grow nlnuuliinlly ? 

Bub yet again, llm tranail i*f cb'uda fnan placo to 
place implieti tlto oxialcmiu of ahrinl ourronta. Cl.mila 
cannot indoad even form and b« dlBaiimlod wiUuuit 
occaBiorilng wind-currcuta j and it ncctl liantly Iw *»id 
that tbo Martian olouda could not bo carried Ui Ida 
polar regions, there to fall in »now. unleaa tho almo- 
Bphorio ourrenta on Mara wore cxtontdvonnd jHjr«tl8t«nt, 
Wo Boe, then, that Mam ha« winda na o\ir earth ha*. 
DoubtloBB Ilia Lmdo-winda are Usaa ninrkod than inin», 
becauae bia aurfaco rolatea Icm rapidly tlian tlu» earth’*, 
Ivia globe being much amallor, while hi* rotaUtm-pcrlod 
la allghtly grontor. But bo ha* loss need for trade" 
winda, IvIb ocoaiii being »o mucli lew ©xloimlvo tlian 
ourB. No Colmnbua on Mara Iw* ever neoderl tho 
poralBtont breath of oaBterly wind* to onootirwgo him 
on his voyage to an undlaeovored eonUnont. liaUior, 
tho intricate navigation of Uio narrow Martian aoM 
would bo favoured by variable breoso*. But Um 
great imrpoaea whioli the oirouktlon of onr mm 
ntmoaphora aubsorvoa are »ub«rvo«l effioiwiUy out 
yonder on Mara. Tho olr i« ohsanwil and pttrifl»:l, 
ItB tliortn&l and otcotrioal condition* are r^latod, 
olouda are wafted from pinoe to piano ) and, In floe, 
the atmoaphero la rendered Hi for all tbow puip«* 
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for whioh, liko our own, it has doubtloKH boon 
cr nil 1(1(1, 

Wg may traco yot furthei*, liovvovor, fcho rcHuUu 
wliioli follow from the exist ouoo of aqiiooua vapour 
in tho afcinosphoro of Mars. Wo seo tho polar snows 
in tho Martian win tor and diminishing in 
tho Martian summer, And wo know that, on our own 
eartli, tho inorouso and tho diminution of tho polar 
snowfl arc procossoa intimutoly asBodated with the 
format ion and inaintenauoo of tlio oooanio oiroulation, 
Doubtlosa much yob remains to bo done boforo tluit 
system of oiroulation will bo fully undorstood. The 
rival views wliioh have boon maintained by Sir John 
Ilersolicl and Captain Maury luive aovvod to throw a 
cor lain air of donl^fc oven' tho theory of ocean cnmnitaj 
Ihit wlnjtlior wo aBoribo tho equatorial ourronts of our 
oceans to tlio tnuh^-windn, with IIorBohel, or to difCer- 
ericea* of sjamifto gravity, witli Maury, wo see that, in 
the first place, both causea oporuto In the oaso of 

‘ If Hoiijohol has oomplololy ovoifcliiowri Mmiry'a tlioory, that 
onrusutH arc altogolbor duo to dlffovunoou of «nooiflo a^avlty^ Halt- 
la'HH, nijcl HO on, Mivuiy lirva at lomit bflou ns In overthrow- 

ing nerHohoFfl tlioory, that tho ouiTonta aro duo to tlio trado-windH. 
A tlioory more probahlo thini olUior Ib, I think, that aocordlug to 
wliioh Uio whole Bystom of oiroulation !» not In motion by tho oon- 
Uinial ovnporaUon Koing on In equatorial flons. ThuH, by a prooosH 
toHOinbling bucLIou, on lu.dmuglitof oold water Ih oawNod, and tills 
water coming from lilgher latitudes, wlioro tha oiuth’H ouHtwardly 
inollun la loHSp to lower lalltiKUitf, wliero the eaatwni'dly inotlou ia 
greater, produces tbo relatively oold and Aventwmdly ocpudorlal 
ourrontH which exist In tlio Atlimilo, Indian, and Paolllo Ocnans, 
IteconL roHoarohoH Into the toiripuraturo of tiio deep Bca have tended 
Blreiigly to condrm fchoBo vlow«^ wldob I dealt with at floiim longUi 
In tho Hooond volume of my * Light Bolonoe for Loloure noura.' 

n 2 
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and secondly, that the submarine return-currents froi’f'- 
our polar regions must, at any rate, be due to 
presence of ice in the polar seas. So that undoubtedly 
the Martian oceans, so far as their peculiar conform «■“ 
tion will permit, are traversed by ourrents in vario^is 
directions and at various depths. 

Then, lastly, there must be rivers on Mars. 
clouds which often hide from our view the larger* pnrfc 
of a Martian continent indicate a rainfall at least rtft 
considerable (in proportion) as that which we have on 
the earth. The water thus precipitated on the Mar 
continents can find its way no other wise to the oointti 


than along river courses. 

As to the nature of these rivers, again, we may fox'io 
conjectures founded on trustworthy analogies, '.rim 
mere existence of continents and oceans on Mars pxro v oa 
the action of forces of upheaval and of depresBioti » 
There must be volcanic eruptions and earthtirirtlc tra 
modelling and remodelling the crast of Mars. XlwiH 
there must be mountains and hills, valleys and ravinea, 
watersheds and watercourses. All the various kiixdn 
of scenery which make our earth so beautiful havo tlu! i r 


representatives in the ruddy planet. The river coxi r k o b 
to the ocean, by cataract and lake, here urging its wtxy 


impetuously over rooks and boulders, there gl i tl i Hj-f 
with stately flow along its more level reaches. 'X'lits 
rivulet speeds to the river, the brook to the rivulet., i ti icl 
from the mountain recesses hurst forth the refroaliiMf? 


springs which are to feed the Martian brooklets. 
Who can doubt what the lesson is that all 
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things are meant to teach us? So far, let it be re- 
membered, we have been guided onwards by no specu- 
lative fancies, but simply by sober reasoning. But 
shall we recognise in Mars all that makes our own 
world BO well fitted to our wants — land and water, 
mountain and valley, cloud and sunshine, rain and ice 
and snow, rivers and lakes, ooean-currents and wind- 
currents — without believing further in the existence, 
either now, or in the past, or in the future, of many 
forms of life ? Surely, if it is rashly speculative to form 
such an opinion respecting this charming planet, it is 
to speculate still more rashly to assert that Mara is 
not, has never been, and never will be, tenanted by 
living creatures, or by any beings belonging to other 
than the lowest orders of animated existence. 
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CHAPTEll V. 

JUPITER, THE GIANT OF THE SOLAR SYSTEM. 

Passing over the zone of asteroids, we como now "Lo 
the noblest of all tho planets— the giant Jupiter. 
bulk is to bo the measure of a planet’s fitness to 
tho abode of living creatures, then must Jupiter bo i "* 
habited by tho most favoured races existing throiif^lt-- 
outthe Avhole range of the solar system. ExoeutliitjB 
our earth some 1,230 times in volume, and more til 
300 times in mass, this mngnificont orb was ligUiily 
selected by Brewster as tho crowning proof of Llio 
relative insignificance of tho earth in the scalo of 
creation. 

Or if wo estimate Jupiter rather by the forcim in- 
herent in his system, if we contemplate tho onorm<n.iH 
rapidity with which his vast bulk whirls round 
its axis, or trace tho stately motion with which 
sweeps onward on his orbit, or measure tho inilvum*ieH 
by which ho sways his noble family of satellites, wd ivr« 
equally impressed with tho fooling that hero wo liivvo 
the prince of all tho planets, tlio orb wliich, of all otlini*« 
in the solar scheme, suggests to us conceptions of fclio 
noblest forms of life. 
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Tliti very Hymiut>(.iy inul porfuotioti of ilu> HyHtoui 
ivhidh oiroloH routul Jnpitor Imvo Iml many to Iniliove 
llmt lio muHfc ho inlmhitud l)y rnooH HUporior in intolli- 
to liny wliioli poojdo our oiirUi, Tlio motioiiH of 
th(wi) limlioH iilVonl, iiuhiod, to our UHtronoiuora «, noblo 
Hulijoot of Htutly. Our niont niuiiumk irmtlionuifcioiuuH 
liiivo givoii miiuy liourri of Htudy to tlio phonoimuia 
wliioli Mio four inooiiH proHoiit to tlio torroHfcrjnl oh- 
Horvor. Hut wo ('lui traoo only Mio gononil movomontH 
of Uio mitoUitoH of JupiUir. Tlioir minor diHtuvbiiiiooH, 
(lio (dVoiilH of tlio vfiryiiig iiilluonooH wliioli tlio huh and 
Juiiiior ox(ut upon tlioni, and which the moouB oxort 
upon otich otlior, inuHt lux the poworu of fur alilor 
mudu'uml iciuUK oven tliaiihowlio ‘HurpiiHUod tliowliolo 
huiiiuu I'uco ill niontid griiHp.* 

Hut alli'r all, wo mmit jiulgo of .lupitov riithcr 
m’cordiiig to Iho oviiloiico wo have, and tho niiidogioH 
which arc iiioiil. directly ajiplicalilo to the cuho, than 
iiccoidiiig to funciou mtoli au Ihomi. Wo know tliat tho 
cun, which HurpaHuoii .lujiitor in weight and voJumo 
oven more tlian Jupilor HurpiutHoH tho oartli, ia yet 
not (ho ahoilo of life, ho that nioro hIzo and ihiihh 
muHt not ho hold lo argue hahitahility. Wo know 
l liaf, iimuy inolooi'H and coiuoIk Hwoop through upaiio 
inoro Hwiftly than tlio vmit hulk of Jupiter, ho that tho 
oitorgicH indicniod hy iiKuo velocity of motion, whothor 
orhilal or roliitional, muHt ho iHpmlly diHiugardod. 
Nor triiiMt wo forgot that., ugoH hoforo inoii Htudiod tho 
molioiiH of our own moon, hIio proHonted Uui uauio 
uohlo Huhjoct of Htudy that hIio foruiH in our clay for 
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an Adams, a Levemer, or a Delaunay* Even now a 
thousand grand problems are presented to our men of 
Science which escape their notice, and we might as 
reasonably argue that there must be creatures existing 
unperceived amongst us, who deal with these problems, 
as that, out yonder in space, thei’e must be beings who 
study the complicated motions of the Jovian satellites. 

Jupiter presents the following principal physical 
habitudes s— 

He has a diameter of about 86,000 miles, or nearly 
11 times as large as the eartVs, a sui'faoe 116 times 
larger, and, as I have said, a volume more than 1,200 
times larger. Gravity at his surface is about two and 
a half times as great as on our earth’s, so that such 
creatures as exist around us would find their weight 
much more than doubled if they were removed to 
Jupiter* He lies more than five times farther from the 
sun than our earth, and the light and heat which he 
receives from that orb are reduced to about one-twenty- 
fifth of our supply. He rotates on his axis in rather less 
than ton hours (9 hours 66 minutes 26 seconds), so 
that the length of his day is considerably less than half 
of ours. His axis is nearly perpendicular to his orbit, 
BO that there are no appreciable seasonal changes as 
he sweeps round the sun in his long year of 4,332^ 
days. 

It will be convenient to consider, first, the probable 
influence of the great attractive power of Jupiter upon 
the dimensions of the various orders of living creatures 
existing upon his surface. 
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The grandeui’ of his orh naturally suggests, at first 
sight, the idea of beings far exceeding, both in might 
and bulk, those which live upon the earth. Old 
Wolfius was led to a similar conclusion in another 
way. I quote his quaint fancies as quaintly presented 
by Admiral Smyth. ^ Wolfius,’ says the genial sailor, 

* not only asserts that there are inhabitants in Jupiter, 
but also shows that they must necessarily bo much 
larger than those of the earth ; in fact, that they are of 
the giant kind, and nearly fourteen feet high by e^/c- 
measui'ement. And thus he proves it. It is shown in 
optics that the pupil of the eye dilates and contracts 
according to the degree of light it encounters. Where- 
fore, since in Jupiter the sun’s meridian height is much 
weaker than on the earth, the pupil will need to be 
much more dilatable in the Jovian creature than in the 
terrestrial one. But the pupil is observed to have a 
constant proportion to the ball of the eye, and the ball 
of the eye to the rest of the body \ so that, in animals, 
the larger the pupil the larger the eye, and conse- 
quently the larger the body. Assuming that these 
conditions are unquestionable, he shows that Jupiter’s 
distance from the snn, comxmred with the earth’s, is as 
26 to 6 ; the intensity of the sun’s light in Jupiter is 
to its intensity on the earth in a duplicate ratio of 6 
to 20.’ The eyes of the Jovians and their dimensions 
generally must be correspondingly enlarged, and ^it 
therefore follows that even Goliath of Gath would have 
cut but a sorry figure among the natives of Jupiter. 
That is, supposing the Philistine’s altitude to be some- 
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where between eight feet and eleven, according as w-n 
lean to Bishop Cumberland’s calculation, or the Vatioim 
copy of the Septuagint. Now, Wolfius proves tlitJ 
size of the inhabitants of Jupiter to be the same h 
that of Og, king of Bashau, whose iron camp-bed 
nine cubits in length and four in breadth — or ratlitM' 
he shows, in the way stated, the ordinary altitu<U' 
of the Jovicolro to be Paris feet, anil Mu* 

height of Og to have been 1 3|« o feet. See his Worlc« , 
vol» iii, p. 438/ 

This exact determination of the dimensions of Jovuti i 
men would be very pleasing and satisfactory woro it- 
not that another line of argument guides us at leash ivh 
conclusively to a very different view* If we are tcT 
assume that beings resembling men in all attrilnil <?H 
except size actually exist on Jupiter, wo might claim foi* 
these beings the power of moving from place to p1acst> 
as freely as we do, with quite as much reason UB 
Wolfius claimed for them the same powers of vision 
that we possess* Proceeding according to this viow,. 
W6 are led to the conclusion that the Jovioolm 
pygmies about two and a half feet, on the average, i 1 1 
height. For we know that a man removed to Jupitcu* 
would weigh about two and a half times as much as 
does on our own earth, He would thus be oppresHtul 
with a burden equivalent to half as much again as hi+i 
own weight. This would render life itself an iuBUj[>— 
portable burden ; and we have to inquire what difforonijo 
of size would suffice to make a Jove-mau as active u» 
our terrestrial men. Now, the weight of bodies similuvly 
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proportioned varies as tbe third power of the height ; 
for example, a body twice as high as another — in other 
respects similar — will be eight times as heavy. But 
the muscular power of animals varies as the cross 
section of corresponding muscles, or obviously as the 
square of the linear dimensions ; so that of two animals 
similarly constituted, but one twice as high as the 
other, the larger would be four times the more power- 
ful* He would weigh, however, eight times as much 
as the other. He would therefore be only half as 
active. Similarly, an animal three times as high as 
another of similar build, would be only one-third as 
active ; and so on for all such relations. Now, since a 
terrestrial man removed to Jupiter would bo two and 
a half times as heavy as on the earth, it follows, ob- 
viously, that a man on Jupiter proportioned like our 
terrestrial men would be as active as they are, if 
his height were to theirs as one to two and a half. 
Hence, setting six feet as the maximum ordinary 
height of men on the earth, we see that the tallest and 
handsomest of the Jovicolco can be but about two and 
a half feet in height, if only our 'prowAssee are connect. 
Thus Tom Thumb and other little follows, if removed 
to Juinter, might be wondered at for their enormous 
height, and eagerly sought after by any Carlylian 
l^redoricks who may be forming grenadier corps out 
yonder. 

One line of argument having thus led us to regard 
(he Jovicolco as Ogs of Bashan, while another equally 
plausible has reduced their dlmensiohs to those of our 
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truth, m mmun of fm niiuf; im oi»iiiioiK Wp nrril naf, 
iniiijjfhio, riM Homo luivo tloiu'i, {litil. Mho ihhat'iloul'Mpf 
Jupilor aro bat- wiiifp tl,' or, wilh olhoro, Mlial lloy 
avo iuvnionilt^ tlann'ra,' Ni»r, fo biho fho of 

morn ronpcntalilu aufluuiHoa, }u'tA wo ihjm o 'lulh 
Ituuiplivy Duvy ihul (Im of elio jMvi.no?) 

oompoiuiil of Muuimuouh riPiivolulioM ^ of hiloo< nooo 
iumli))(ouH to I ho Iruuk of ( ho olophuof llom onylliioi-j 
oIhu^} with Wliiwvi'll, Ihul Ihoyuro ptil|fy, rp*I^Mo»aoc 
oroaturois liviii)' i»a ili aual wmM i»f waho mo I ir^t wPh 
a oiuil(*ry nuuloUHj imr rmally, willi ili ii fho 

Jovjini may Imvo hin Mmmo in anbioir inran 
waniuMl liy oouhul InfM, or in i ry^ial by 

ooouu tidoH, or iimy lh»ul wilh flm Nriri»U Mj^oi Iho 
rhiap, or nioniii- upon \vin>{K n« rn|fb or tha-* tipon i\w 
pinitPUH of Urn dovo, (hat, ho may (b o owav atol W at 
roHl/^ (a/o). Ho raam aa \v»* pivo a fhohiito forin bi Iftio 
oomM^piioiiH thul itmimiiginaiilMn, fioo from tl»o 
of oxauf* lum\vloil^n‘, framoH no pooling (ho iMlmidtanM Pif 
oUior worlila, wo Imioliatouon on (ho (hr 
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hideous, or tlie ridiculous*^ It is sufficient to recog- 
nise tlie probability, or rather the certainty, that the 
beings of other worlds are very different from any we 
are acquainted with, without endeavouring to give 
shape and form to fancies that have no foundation in 
fact. 

We may regard it as probable, however, that living 
creatures in Jupiter, if any exist, are built generally 
on a much smaller scale than those which people our 
eaith. Trees, plants, and the vegetable world gene- 
rally, must also, one would imagine, be very differently 
constituted from those we are familiar with. It is 
well known that the motion of the vegetable juices is 
in part regulated by the force of gravity, and therefore 
it must be admitted that the structure of terrestrial 
plants is in part dependent upon the value of gravita- 
tion at the earth^s surface. Whewell, in his ‘ Bridge- 
water Treatise * on the astronomical evidence of design 
in creation, lays great stress on this relation, pointing 
out, if I remember aright, that all vegetation would be 

* It nifty bo worth while to gather a lesson from this oiroum- 
fltanco. Wo know that ovoiy form of life is replete with ovidonoos 
of adapt ation (no matter how seoiired) to the conditions which sar- 
ronnd it. Now man, with all hla knowledge of these adaptations, 
so soon aa ho passes the hound ary of the known, pictures to himself 
nil manner of unnatural and impossible forms of oxistoiico. Even 
the unknown parts of our own earth have been peopled ere now, in 
Imagination, with ‘men whoso heads do grow bonorvth their shoul- 
ders,’ and other similarly incongruous beings. It ia more excusable, 
perhaps, that an anatomically impossible struoturo should have boon 
assigned to angels: (the ohorubim have been oven morounfortunato)! 
while SatiLD, who * gonth about us a roaring lion,’ has had the prin- 
olpal attributes of a class of Rmiinantia assigned to him. 
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mamu'r Hum tlial: of Miiru from i»ur lonr^hiu) yoiii. 
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tho jM^riod oorroHjMUMliHif lo oho of onr itru^unoi hoifii 
nearly bhroo yoani, and a Joviim moidli in in urly i ^|ual 
to ono of onr tonoHlrial yearn. Ho hun, loiwi^vrr, im 
muiHOHR in our Honno of Hio word, uinoe Ida rnUidMi- in 
inolinod but litUiwinin* limn Ihreo depreen fn Ida oHdi. 
TliUH a porpofcuul Hprinjf roi|{iiH all i>vor bin nut luiu*. 

But boforo wo prneood l<i form a Idpb ojiiuinn tif 
tho plunotV ('{nidilion uiidor tho inllitoiiro i»f Udn ju r 
potuul Hpving, lol- m dlHlinrlly uiobuidaiiMl wlmf (bo 
wordH moan. Tho word * hprin/i; * hnn a j.p'idiil { ••nml h< 
OUrHolvOH, IjOiRUlHO wo anfiooildf^ il with fblll wbirh in 
(loinimndy tln^ iih*aMniiloiit portion of our year j but it 
Ik jiiHt ponaiblo ilint tho prr)Md.ual nprin^; ifdfpdno nvrr 
Jnpilor, thon/(li ibmliHonn well inhi|»t''d to t)m waiitM 
of bin inhahiluuiH, b'lidn lo a nlido of f ldii|jn aueli un wf» 
luiglit not Ibid allo/pdlu^r ho a, operable, 

It luiH been Huid ihatMia llm rayn of Hie mui fall 
p(^rp(mdi(mlai‘ly on Ibo lioriy of (he plane!, luid idway i 
contiiiuo lo do ho, Ibo heal iinutl bo nn m arly nn p^in^ 
mbio ociuid at all liineK of (Im yt-ar, a pmennial 
HUimnorj Huh in a hlrilnn^f dirijday of benebiMol, 
But wo kIiouM bo eimliona in adopfir;; 
thirt hhhIo of iir^iuiient, If JufdlrrV i^reaf dftlaner 
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from the sun is compensated for by this peculiar dia*- 
position of hia axis, and we are to admire tlie bene- 
ficence thus displayed, are we therefore to find male- 
ficence in the fact that Saturn, Uranus, and Neptune 
have been otherwise dealt with, though, being farther 
from the sun, they have greater need than Jupiter of 
some special arrangement of the sort ? It seems safer 
to consider the consequences which Sow from the ar- 
rangement without any special reference to its purpose, 
lest, in our over-anxiety to recognise beneficence in the 
treatment of one woi'ld, we should adopt a mode of 
reasoning which leads to the direct conclusion that 
other worlds have been ill-treated. 

The great peculiarity resulting from the arrange- 
ment in question — the only peculiarity, in fact, of 
which we can speak with any confidence — consists in 
this, tliat everywhere on Jupiter day and night are of 
equal length. It is in this sense only that perpetual 
spring — or perpetual autumn, if we please — reigns on 
the giant planet. The different latitudes of Jupitei^ 
have olimatcfl differing quite as much as those found 
in different latitudes on our own earth. At the equa- 
tor the Bun passes every day nearly to the point over- 
head. At the poles the sun seems to glide along tlie 
horizon, rising in the east, passing round — >ahvays near 
the horizon — towards the south, and thence to his 
setting-place in the west. In intermediate latitudes 
the Bun passes to a southerly elevation, which is greater 
or less according as the place is nearer to or farther 
from Jupiter*8 equator. It follows that there is a 
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iruirkoil I'i'hvi'i’U lilt' imb t iniulmiiil und iIm' 

Hul)-i)(ilnr n'ffit'iiH in .(iipilt'i-, wliil.- Ii. lwr.'u ih. iin t,- 
(rioilH (iVory iuli'l'liinlinlti flinmlo in l<t !"• 

Owin/' lo tilt! tit(>itli(y <>1' .ln|.ili-i‘H mliilioitj Ibt' 
molitm Ilf Uni Him in llm .Inviim flty mm.l In' mni h 
jnoni rtiiiilily iliMi'i'inil'l" nml nn’U"ui.il'l<' IIium tlmt v,ilti 
wliioh llio Him liiiimiii lo iisniH iii'iomi "iir own h. iiv. hm. 
Ho l.nivi'rHi'H Ilm wholo iii'mii'ir<'l*', IVniii llm t-n ii m 
to tlm wtiHlniii Inirizoii, in l.wn miiinh n Ii hh llnm livn 
lioimi, ortiliiml nix lll•(;|•|■l*H in Inn mimito;!. 'I’liin I'.ir- 
roHiioinlrt In n mol Ion llirom'li o l■•|lllll !*• Iloi MUi’it 
(liimmlor (uH wo |•|‘ll liiin) in lllly ^("l•'>n'li>. uml mni f 
liii rmiilily iliHi'ornililo, ovi ii to llm iiiii»i*li 'l vtii.m ,i|' 
llio .loviitolin, mili'iiti lliiiir t'yi'iiij;lil i« nomh iiili iit.r lo 
ourH. Tlio Hiiiiillm'HH of Ilm nun, mi i;< i'n I'loiu .liijiil.-r, 
nniHfc holp In ri'iiiii'V Urn mol inn iiion' ii>ov. |iiil'lc. Ho 
prommlH lo llmni un ii|ii'!iri'nl. (linmci. r only i jnnl lo 
nlionl oim-lifilt nf l!ml. vvilli wliioli vvn i ro him, lltui 
in 1:011 hoi’oiiiIh Im Hoonni lo iiu'irt ovor ii f<niiil lo 

liiu own iliiimolor. 

'.I'liO otlmr oolmiliiil lioillott uvo allbrlfd with tdioiliir 
jnntioiiH iiH KOi'ii fi'oin .Itiiiilor. Uf com' ", Ho-m' (iron 
lloiiv till! lioIoH of liiii lii’iivonti iM'om lolalivi'ly nl Jd’l. 
Olio of IlioHo |iolo}i lioH in llio hriiiJl of llto comilcUiilion 
Driioo; Hm Ollmr lion olo ii hy ilm lir< !ilor MaijcUnuio 
Olouil) wliioh milHl, jui'in'iil u m;»}.;nilli r<n| l ynoiimn lo 
tlio inlmliilttiilH of Ilm miiillmin lii'niir.|tln m of I ho 
plunolj. Tim oonlriiHt. fn l wi'i’n llio ii|4 adt i ho sn of iho 
jiotiir III lU'-ffioiiim mill Ilm nwiff moiioiiti irf iho cijiirt- 
toriiil (iojihIdIIuI ioiiH nmi'l Im intjiici-xivo indeed. Tlo'im 
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cqualorial groups are no other than our old friendn 
the zodiacal constellations. As seen by the inhabitants 
of Jupiter, they rise with a perceptible but stately 
motion above the eastern horizon, pass to their cul- 
niinatioB on the southern merkUnn, and m to their 
Botting-placo in the west — exhibiting the same splen- 
dours which the terrestrial astronomer delights to gaze 
upon, enhanced by the peculiar impressions of active 
power suggested by visible and obvious motion. 

It may seem, at first sight, that the presence of the 
Jovian satelliteB must tend to dim the splendour of the 
sidereal heavens. Our own moon, despite the beauti- 
ful passage * in which Homer has described the calm 
l)(jauty of {I jnoonlit niglit, certainly detracts largely 
from tlio magnificence of the star-groups 5 and as at 
times there must he four moons visible above tho 
horizon of tho Joviiins, it might seem that all but tho 
hriglitor stars would be quite obliterated. The first 
moon must appear somewhat larger than our own ; tho 
m^xt luiB an apparent diameter rather more tlian half 
as largf5 as tliat of our moon ; tlie third (I’cally the 
largest) appears about as large an tho second | and tho 
fourth has an apparent diamotor equal to about a 
quarter of our moon’s. Thus, in all, they cover a 
Apace on tho sky more than half as largo again us that 
wMoh our moon covers. Hut, in reality, they cannot 

^ lloiticr muBt not bo hold roBiioiwlblo for Poiio’b mmi/.ing do- 
Borlptlonp wldoh, stmngoly ononght hna found nn ardonb ndmiror in 
ono of owr host modorn bbaorvorn. Koinoir did, liowovor, montlon 
rw a olnurno to dalle of tho moonlit aky, that ♦ svll tho Btavn ahino,* 0 
proof thnt aomotlmoa, aa Tfovaoo tolln «h, tho groat nniator noddod, 

I 
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htivo nonrly m> innrUrd iiii ttlVnid. in tiiiiiiiiiii|; tlit> lii>,lri« 
ofl;hoHlurH. l'’(ir i|. iiiiinl. iiol, ho fiiifj.dloii lliul llicy 
Hliiiu) only liy v<4to(4iii/f Iho miii’n mid (lint, ho 

ilhiniinuioH (lioiit hut liiiiiUy in o<iiii|i!inV:on with Iho 
light ho iioui'M Ilium onr own tiioon. In oiVcol, imj. 
poHiiig thoir vollool ivn oiiimoil ioH oinnil (o Iho nmon'. , 
tlioy imiHt apiioiir Ichh luilliiint Minii rho thifu, In ilio 
imiportion of uhoutoiiolohvouty-livoj mol, roiiihiidiij; 
tluH roHiilt wi(h till' iihovo roliilioii, it follown llmt ovon 
if (hoy itouhliill ho * full’ (ogolhor, I hoy oonld liotid hi 
tlio .loviiniH hut iihoiil oiio-iiixtoontli |tmt of Iho liijhl 
wo roooivo from (ho full moon, f hit, mi o malioi ..f 
foot, ihoy <•11111101 III! ho full (ogolhor. 'I'lio iiioii..ioi „( 
Iho iiinor throo iiro ho roluloil Ihul, lhiiiit;h llioro in 
nolhingto provoul. Ihom from hoing hU viidlilo logo, 
thor,' yot whim ho viHihIo, oiio only omi hn full. Tho 
foiirl.h may ho full at Iho huiiio (inm, or in fm l miiy 
1)0 iiHHooiatod with Iho otlmr (liroo in any way, Hinro il i 
motioiiH aro not hound up with Ihi'ini mi (hoiiH mo 
mlei' «c. 

Kvon now, howovor, wo havo not naolo d a full 
OHtinmti) of Mm oxtont of tho miiilalio whioh llm.o 
iiHtioiiomoiH havii niialo w^lio Hpoalc of (ho Hjilonilour 
witli whiiih tho Hutolliti'.'i of .lupilor illumiiiali* hi'i 
HkioH. Whan at that part of thoir oihilrt wlo ro (hoy 
would othorwiHO lio full, Iho throo iunor iiikoioi ttr>* 
ttlwuyH imlipHod ; and though Iho fourth, hy roiiNoii of 

’ Or all IiivIhIIiIo Idfoitlior. I,nri]iit<r iiwui'tiii ilm oininttv. iim* 
wiiiilil liiin((tiiii III) (mil iiiivi-r Hiicii nil itii> hiih.iiii id^'ialu'r ••a ilts 
nniiiu hIiIh iit iTniiUur. 



JUriTJSIt, GIANT OF TUB 80ZAB SYSTEM 11$ 

ita great distance,' sometimeB escapes eclipse, yet more 
frequently it is obscured like the other a* The two 
inner satellites are eclipsed for upwards of two hours, 
and as they occupy but a few hours in completing 
their circuit round the sky,^ it will be seen how 
largely this relation detracts from their light-supplying 
powers* 

We see, then, that those writers have been mis- 
taken who allege that the great distance of Jupiter 
from the sun is oompoiisated by the number of hia 
moons, and the quantity of light they reflect towards 
him* So far is this from being the case that, under 
the most favourable circumstances, they can supply 
during the Jovian night but about one-twentieth part 
of the light with which the full moon' illuminates our 
nocturnal skies* The poetical descriptions which ima- 
ginativo writers have indulged in, respecting the splen- 
dour of the scene presented by these satellites, will not 
bear the dry light of numerical estimation. That tho 
satellite- system of Jupiter subserves, or may hereafter 
subserve, important functions need not bo questioned ; 
but that we can recognise them as created for any 
special purpose may bo assuredly denied. 

Perhaps, if one were able to disonsB with advantage 
the special purposes which this or that portion of the 

’ Not on nooount of tho Inolhmtion of Its orbit boing largo, na 
Ima boon EioBortcd. The orbit of this satolllto ia, indoocl, losa in- 
oil nod than tho orbits of tho others, 

^ Moving in a direction contrary to that duo to tho rotation of 
Jupllor, they of oourao remain longer abovo tho hoiton than tho 
i\ni, or limn tho oquatoiial ilxod stars, 
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univrirKO ih inh^mlrtl (,n nul».'{(»vvi\ it nii/^ht ar^Kni'il 
l;htit tli(^ nuf.cn* jilaiiiHa luivt^ ^;n'ah r m ril r>r naioiiH 
timn lJu) iK^auiau*^ (lnMr ynir r, rln rr 

ifl gimi.or iHumHian fnr <>hj< rtii whnsi* niuliiuia liluUI 
Horvo iiH inniHurnH nf iima. T\u\ aiUalHlvn tif Jnpirri 
flupply, hy Mioir «a|ijiniil«* rnuvruiouf rui’;ij>iiir<i 

of i.ho Hliorl(tr (Jino iiiim viitH ; \vhili% liy lln if 
Hiv(‘ con j niHtl.il Mus (i.) in [mini, (ii.) (hn (Inn^ iiinrt 
l.o/pilntr, anil (iii,) Hh* nnlt*r willi [laivii nf tin* intno, 
l;lH‘y nlTonl {‘onvnriicni. ini^aHurra urinn^p f infi rvnti. 

Hot Ink iiK tuni from vii|jnn ijuriijicn mt* h nilhr up 
l;o khn coiiHiilnrtilion of IhoHi* fach^ wlni'Ii avv ai fn'tliy 
linmnni nd to nur nolirn, 

|{ocof(niHing tim nsiiilruriMd variiMi nlimutio mho 
tioim in dilVoronk purlH of ilupilrr, wo Imvo now f*i 
coiiHidin^ tint nlinndo of f.hn plunol. ^p’lioially, lo cmm* 
t<nn|ilali} (ho poHilimi of lliia orb itt fbo liolm 

aynknin, and to dolorminn bow far ila jpraf iliutami* 
from tho mn may lin compoinaih d by olio r folafiomi. 

Tlmro can ho no doubt lliu(. Mm amonnl of hi at 
poured l)y tho huh tni any porlion of itnpitrr a jonfart* 
plmrod ptMpmnlinnlarly with vnaport lo fim lo at iayH, 
niUHt 1)0 very imml) Iohh Miuii llm mnount rrocdvni 
hy an oqual portion of our oartldH Hmllmo similarly 
Bituatod. Tho dirnnk hoaiing odVrIa of Mm Mun mmO 
in fact, aB alvnady Hiatodi ho Iohh on dupilor Mian on 
our own (airth, in tho proporlion of aboul- ono to 
twonty-fivo. And Ifc emunnt )»o doubt od Mini Mm 
cffcotH of Miirt dilfonmco niuat bo hi^fldy iinjtMirfanl^ 
wlmtnvnr oirmmiHl ancoH may ooinpinoialo for Mm dr*- 
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fioieucy of lieafc. If wts can demonstrate in any way 
that the mean temperature of the Jovian atmosphere 
is equal to that of our own air, or even greater, yet the 
difference of the sun^s dii’ect heat involves a variety of 
consequences which we cannot disregai'd. 

We know, for instance, that it is principally the 
direct heat of the sun that causes the evaporation 
of water from the surface of oceans, seas, lakes, and 
rivers, and therefore all the important consequences 
which flow from the presence of aqueous vapour in 
large quantities in the eartVs atmosphere. We can 
conceive the existence of vapours in the air which 
might keep away from the earth’s surface the greater 
portion of the sun’s heat, and yet, preventing the 
escape of the remainder by radiation into space, 
might leave the general warmth of the air Eiround us 
as great as it is at present. But it cannot be doubted 
that such an oi’rangement would injuriously affect the 
whole economy of evaporation and its consequences, 
winds, rains, clouds, mist, with ilieiw consequences, so 
important to teiTCStrial races. 

And in like manner other effects accruing from the 
direct action of the solar rays might be considered. 

It follows, then, that it is by no means auffioient to 
show how the heat whioh falls upon Jupiter may be 
stored up, through the action of some component of 
his atmosphere in preventing its radiation into space. 
It is, indeed, of the utmost Importance to know that 
even this is possible, because we oi’e thus enabled to 
see that Jupiter is not necessarily an abode so bleak 
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and desolate as some widters have imagined. In tlu'' 
following passage, Professor Tyndall has exhibited tUf* 
means by which this result may be brought aboiil j 
and the inhabitants of the noblest planet in the Holiti' 
system placed somewhat higher in the scale of crea- 
tion than Whewell surmised. * In these oalculntioiiB,* 
he remarked, referring to Whewell’s estimate of tht‘ 
sun’s heating power on Jupiter and the other exterior 
planets, ‘ the influence of an atmospheric envolopo wu« 
overlooked, and this omission vitiated the entire argu- 
ment. It is perfectly possible to find an atmosphoro 
which would act the part of a harh to the solar rayn> 
permitting their entrance towards the planet, but pro- 
venting their withdrawal. For example, a layer of 
air, two inches in thickness, and saturated with tlus 
vapour of sulphurio ether, would offer very little re- 
sistance to the passage of the ether rays, but I iiud 
that it would cut off fully thirty-five per cent, of tho 
planetary radiation. It would require no inordinntt* 
thickening of tho layer of vapour to double this ab- 
sorption } and it is perfectly evident that with a pro- 
tecting envelope of this kind, permitting tho heat to 
enter but preventing its escape, a comfortable toin- 
perature might bo obtained on the surface of our 
most distant planet.’ The difference between suoh 
an arrangement as this and the way in which Uu*. 
earth’s temperature is obtained is the exact convorKfs 
of that dealt with when we were consideiung the oiisu 
of Mercury and Venus. Precisely as the mean tem- 
perature of the atmosphere of either of the interior 
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pliinets may be no higher than that of our own air, 
while yet the sun’s direct rays continue wholly un- 
bearable, 80 the outer planets may have a perfectly 
comfortable temperature, while yet that direct solar 
heat which exerts so many important influences on the 
earth must be supplied only in quantities which we 
should find wholly inadequate for our wants. 

I am far from desuing to infer that Jupiter may not 
hereafter be uninhabited, or even that creatures then 
existing on his surface must necessarily differ wholly 
in their nature from any with which we are familiar. 
But I think that while, on the one hand, we must 
reject one of the chief arguments by which Whewell 
was led to people Jupiter with cartilaginous and gluti- 
nous creatures floating in boundless oceans, so, on the 
other, we cannot accept without question the argument 
by which an effort has been made to indicate the pos- 
sibility of a close correspondence between Jupiter’s 
climate and our earth’s. 

And here we are led to the most interesting and 
suggestive of all the relations exhibited by Jupiter, or 
rather to three closely associated relations which lead 
to views of a somewhat startling character. 

In common with the other large planets lying out- 
side the zone of the asteroids, Jupiter has a mean 
density falling very far short of the mean density 
of the earth or the other small planets which travel 
within that zone. According to the best estimates of 
his mass and apparent diameter, his mean density 
would seem to be rather less than one-fourth of the 
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earth’s, or greater than the density of water by abont 
one-third. It is worthy of remarlc, in fact, that bin 
density is alnaost exactly the. same as the sun’s, and 
considerably greater than that of the other three outer 
planets hitherto discovered. 

If 176 were quite certain that the disc measured by 
us exhibits the real outline of the planet, or that luH 
atmosphere is not of abnormal extent, and that hiH 
globe is solid throughout, it would follow that th« 
substances composing Jupiter are either altogether 
different from those forming our earth, or that they 
are combined in very different proportions. On the 
last point we can fonn no opinion. On the first ivc? 
must be guided by the appearance of the planet. 

^ Thus we are led to the second of the three relation h 
just mentioned— the appearance of well-marked but 
variable belts on the planets, and of other indicationa 
existence of an atmosphere of great 

The belts of Jupiter are commonly arranged with ii 
certain symmetry on either side of the great equatorial 
bright belt, but sometimes there is a rather marked 
contrast between the northern and southern halves 
of the planet. In colour the dark belts are usually— 
when seen with suitable telescopic power >-of a cop- 

higl raglSrSw Su«htfh “ “gW-gatherlng as a 

Whoa tto toportanoo. 
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pery, ruddy, or even purplish tint, while the inter- 
mediate light bands vary from a pearly white in the 
eqxiatorial belt, through yellowish-white in the middle 
latitudes of both hemispheres, to a greyish or even 
bluish tint at the poles. The picture of Jupiter which 
forms the frontispiece, while exhibiting many of the 
features usually seen, is intended specially to illustrate 
relations presently to be dealt with. 

There is every reason to believe that these belts 
indicate the existence of a very extensive vapour-laden 
atmosphere. The dark belts must not bo considered as 
the true cloud-belts, because it must be remembered 
that we look upon the reverse side of the skyscape 
presented during the day to the Jovians: so that where 
they see densely compacted dark clouds, wo see the 
light which those clouds have intercepted 5 and, on the 
other hand, whore they see clear spaces, the light 
which reaches them is not reflected to us without a 
considerable loss of brilliancy. Thus the dark belts of 
Jupiter are those regions where— if at all— we see the 
true surface of the planet. 

Now, viewing the belts in this light, have we any 
means of judging from thoir aspect what is the extent 
of the planet’s atmosphiji-e ? So far as I know, the 
question has never been considered, but it is well 
worthy of careful study. 

It scorns clear, in the first place, that if the bright 
bolts really are cloud-bolts, and the dark belts the surface 


poamneo o£ colour Ims boon apoolnlly dwelt upon have boon w». 
col veil from obflorvora who have used roHootora. 
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of the planet, then on the edge of the plauet’B diso ^ ** 
ought to see some irregularity of level — the cloxid-b«l 
projecting slightly beyond the real outline of the 
— if the atmosphere have that enormous extent 
some astronomers have supposed* Whether such 
appearance has ever been looked for I do not 
but it has certainly never yet been detected. 

We are led to conclude, then, that either the 
sphere of Jupiter is not sufficiently extensive to in( :c5r- 
fere appreciably with our measurement of the pUincs t/H 
bulk, or else the dark belts belong but to a lower cIolkI^ 
layer, not to the planet^s real surface. 

We have further evidence on this point in the 
pearance of dark spots on the dusky belts. These 
have ever been described as black, though surely tlicii^ 
appearing of that hue must be ascribed to the effoofc of 
contrast. Now these dark spots, which have been aooi* 
by Cassini, Madler, Schwabe, and others, may be 
garded as the real surface of the planet (unless fclioy 
belong to a yet deeper cloud-layer), seen for a 
through openings in the cloud-bed to which the diirtl<y 
belts belong. The reader will not fail to notice hero 
some resemblance to what has been already mention e<l 
respecting the sun-spots; and when we come to l>lio 
third and most striking of the associated features I t\i tx 
now dealing with, it will be seen that there may l>o 
more in the analogy than one might at first sight Ijo 
disposed to imagine. 

How far the appearance of small round white 
on tho dark belts may be considered aa indicative <if 
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the extent and constitution of the Jovian atmosplier it 
is not very easy to determine. That they are dense 
clouds, hanging suspended above the dusky cloud-layer, 
must be admitted as highly probable, but it is open to 
question whether they have formed there in the same 
way that cirrus clouds are seen to form at a great 
elevation above a layer of cumulus clouds, or whether 
they indicate the action of volcanoes beneath the dusky 
layer, propelling enormous streams of vapour through 
the superincumbent oloud-beda, 

ITie third point on which I have to dwell is the 
variability of the belt-system, under which head I 
include not only variations in shape and extent, but 
those much more significant changes of colour which 
have been recently discovered. 

So far as is yet known, there is no recognisable law 
in the changes of shape exhibited by the belts of Jupiter 
—no periodicity or intelligible sequence. It may be 
suggested, in passing, that a systematic and persisteni 
scrutiny of the planet might lead to the discovery 
of laws of this sort, which could not fail to indicate 
physical conclusions of the utmost importance, Nay, 
further, since we cannot doubt that the condition of the 
veal surface of Jupiter is in some sort reflected, so to 
speak, iu the aspect of his cloud- envelopes, it seems 
far from unlikely that a scrutiny of this sort might 
tell us where his oceans and continents, where his 
deserts, lakes, or rivers, are situated, even though no 
direct evidence of their existence might ever reward 
the observer. In these days, however, nine -ten the of 
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those who are fortunate enough to possesH fine tole- 
seopes prefer either to Leave them idle, or to en^ploy 
their powers in maldng observations, at great pains and 
labour, which are not worth the paper on whioh they 
are recorded. The few original observers wo have aro 
overtasked hy the multitude of questions of intone nfc 
presented to their consideration s so that many 8ul)jeot» 
of inquiry must perforce wait, either till tlmir ivurn 
arrives, or till those who have the means of fltudyinf^ 
them choose to turn their thoughts from the storilo suli- 
jeots they are now engaged upon. 

So fur, then, as inquiries have as yet boon pusluidj 
all that can be assorted on the subject we aro couHhhn'- 
ing is, that the planet's belts vary greatly in form, ex- 
tent, and general appearance. At one time tlio dualcy 
belts cover a largo proportion of the planet's (Use, ab 
another they are singularly narrow. Now they aro very 
regularly disposed, now they seem in some way mult!sr 
the action of disturbing forces of grout intouHity* 
causing them to assume the most irregular llgure. 
accompanying picture of the planet (fig. 1 ), as Hocn l>y 
Mr. Browning with one of his own refleotors, indioat<m 
an appearance not uncommonly seen, a dark strualc 
extending obliquely across the planet's ec^uatorial ra-- 
gions. The number of bolts is singularly variablis-* 
Sometimes only one has been seen, at others tlinri^ 
have been as many as five or six on each side of tVio 
planet's equator. In the course of a single hour Gimai ti i 
saw a complete new belt form on tho planet} and on 
December 13, 1690, two well-marked belts vaniHlititl 



JUPITEIt, QIANT OF TFCB SOLAR SYSTEM. 125 


completely, while a third had almost disappeared in the 
same short interval of time. 

The storm-tossed aspect of the planet is well shown 
in the characteristic drawing by Mr. De la Eiie, which 
forms the frontispiece. 

Blit if we seem to recognise here the action of forces 
much more intense than those which influence the con- 



Fig. 1. Tho Planet Jupiter (Browning), 


ditions of the earth’s atmosphere, we have still more 
striking evidence to the same purpose in the changes 
of colour which have recently been detected in the 
great equatorial belt. This belt is usually of a pearly 
white tint, and has long been recognised as one of the 
moat constant features of the planet’s aspect* As the 
mean surface of this belt cannot be less than a fifth oi 
tho whole surface of the planet, it is clear that any 
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changes which may take place in its general aspect 
cannot but be of the utmost significance. Now, during 
the autumn of 1869 and the spring of 1870, this belt 
was more strongly coloured than any pai*t of the 
planet. Mr. Browning, observing Jupiter in the earlier 
part of the above-named interval, found the equatorial 
belt of a greenish-yellow coloui', which deepened in 
October 1869 to a full oohreish yellow, and in January 
1870 had assumed an even darker tint, resembling 
yellow ochre. On one occasion, and on one only, he 
detected this tint in the first bright belt north of the 
equator. While thus exhibiting strongly marked and 
changing colours, the equatorial belt had lost its right 
to be called, pcvr excdlence, the bright belt of tho 
planet, being considerably inferior in biilliancy to tho 
narrow bright belts north and south of it. 

Other observers have also seen these colours. Mr. 
Slack, with a 6-inoh Browning-With reflector, and Mr. 
Brindley, with an 8i-inch telescope of the same con- 
struction, have witnessed most of the changes of eolour 
above described ; and I myself, using Mr. Browning’a 
12^-inch telescope, found the greenish-yellow tint of 
the equatorial belt in the antumn of 1869 altogether 
unmistakable. 

In the phenomena here described we have a problem 
whose interpretation is far from easy. Changes in tho 
shape, disposition, and extent of the dark belts arc 
BuCSciently intelligible when we associate them, as wo 
seem justified in doing, with variations in the position 
of the currents which traverse the vaporous envelope 
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of Jupiter as the trades and counter-trades traverse 
the earth^s atmosphere. But the equatorial zone is 
Jupiter’s belt of calms, resembling in this respect the 
equatorial region, called by sailors the ^doldrums’; and 
though occasional storms might be expected to agitate 
this region, yet processes of change continuing for 
several months in succession can evidently not be 
attributed to any such cause. We are taught by the 
progress of recent research to regard the colour of 
the light derived from any source as a relation of the 
most instructive character; and changes of coloiu, 
especially changes affecting so enormous a body as 
Jupiter, and so extensive a proportion of his surface, 
cannot but be looked upon as highly significant. Sup- 
posing we regard the ordinarily white light of the 
equatorial belt as indicative of the existence of 
enormous masses of cloud, reflecting ordinary solar 
light to us, then we should have to regard the appear- 
ance of any other colour over this region as an indica- 
tion that these cloud-masses had been, through some 
unknown cause, either wholly or in part swept away. 
But — passing over the objection that this view leaves 
our difficulty unexplained — even if we assumed that in 
this way a portion of the surface of Jupiter had been 
brought into view, wholly or partially, why should this 
surface not exhibit a constant appeainnce ? We cannot 
suppose changes affecting Jupiter’s real surface are 
taking place with sufficient rapidity to explain the 
aeries of strange colour-changes observed by Messrs. 
Browning, Slaolc, and other astronomers. Bxrtif, on the 
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other hand, we asaume that a portion of the light ordi- 
narily received from the bright belt is inherent — that 
is, that the planet is, to some extent, self-luminoiifl, 
then there remains the difficulty of explaining by what 
conceivable processes the equatorial regions are filled 
with a yellow light, so full and bright as to reach our 
earth from beyond four hundred millions of miles. 

But I have spoken of the three relations last con- 
sidered — the small density of Jupiter, his extensivo 
atmosphere, and the changes which take place in tho 
shape and colour of his belts — as associated phenomeim. 
It remains that I should endeavour to justify tluH 
statement. 

We know that Whewell, reasoning from the low 
specific gravity of Jupiter, was led to the conclusion 
that either the substance of the planet is wholly watery 
or else a few cinders in the centre of Jupiter’s globo 
constitute the only solid portion of his substance. It 
need hardly be said that the whole progress of modern 
astronomy is opposed to this view. We have soon 
that in the sun the same elements exist as in the earth ; 
and in Mars, the only planet whose nature we have be<5n 
able to examine satisfactorily, we find evidence of tho 
existence of the same forms of matter that we scm 
around us. It cannot but be held as highly impro-* 
bable that tho earth is the only member of the planetiiry 
system whose substance thus closely resembles that of 
the parent orbj nor is it likely that Mars is the only 
planet whose general atmospheric constitution resera- 
hies the earth’s. Far more probably the lesson wo 
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are really to learn from these circumstances, ia that 
throughout the solar system a general similaifty of 
constitution exists, the sun being, so to speak, the 
type of the family over which he rules. Differences 
of condition we are compelled to recognise, since the 
sun itself, though constituted of the same elements as 
the earth, ig iu so different a state, and has a mean 
density relatively so small ; but we have no evidence 
justifying us in believing that any important differences 
of constitution exist throughout the solar system. 

Thus we are led to regard the singulmfy small 
density of J upiter, and of the other planets outside the 
orbits of the asteroids, as due rather to some peculiarity 
in the condition of these orbs than to any such pecu- 
liarity of structure as Whewell insisted on. It will 
be seen at once that Jupiter’s extensive atmospherio 
envelope, and the strange changes in the aspect of his 
belts, are circumstances which tend strikingly to confirm 
this impression, Lot it be remembered that, supposing 
Jupiter*8 globe even to be wholly covered with water, 
yet a sun twenty-five times further off than onrs could 
not by any possibility load the planet^s atmosphere 
with the enormous masses of vapour actually present 
in it. Let it be remembered, further, that the relatively 
sluggish action of the sun upon Jupiter could not by 
any possibility give rise to atmospheric disturbances so 
tremendous as those which are indicated by the rapid 
changes of figure of his oloud-bands,* When to this 

‘ It is worthy of oonsidoratlon, also, that ovou though tho sim 
AOtcd tia oflloiciitly ii|)oii tho air and oceans of Juj.itor (assumed to 
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we add thn roliitlvG mimitoiiieHfi of tlio 
on Jupitftr> wo hog at onoo tluit uuIghh mmi ^ 
cauao than solar iKjtion worn at worlc, Ju|ul:or’o al- 
mosphoro ouglit to bo very much oiilinor than t,ln» 
oartlds, 

Thoro ifl yofc annthor oivonmRlnnoe in tho oondiMnii 
of dupitev’s boltft wluoli opposoH il.Holf in 11 very «( rilciint 
(I might ovoii Huy altogotUor eonviiuang) infunn^i' 
against the holiof that tho bolts of Jupiter 
by tlio snn*a ucUou, Tho troim^al oloud-zon<i of tlm 
oiivth not otily varies in position with tho h(hihoiio 
passing oonsidevubly to tho north of tho eqiiaf«>r in 
suinmor, and oonshhivably to tlio HOiitli in winter, \ntl 
it is in truth a region of midday < 3 lou(lino 8 S, not *»f 
general eloudiinm Ah rospoots tho fornujv r(da(ion 
wo can leaivn littlo from Jupiter’s uHpeot, luMainHo 
inolinal lon is so mnnll that the unnnal sway of Im^< 
oquatoviid zone would b(M)xee(!{Ungly sirmll also, auil 
might well remain undeteotod. Ihit as tins hnlls \*f 
Hatnni must ])0 rogaidod as well as thos(^ of Jupilor in 
forjning an opinion on Hie Ruliji^et wo uvo upon, iiiul hm 
the oluof bright bolt of Huturii, despite the eonsidoruUlii 

lioftlmllar to oiirmvn), yot almospliorlo dlHtuibaiiooa Ohio ehUoij* 
ofl wo know, to thoHo two foriiiH, o£ ntibion) oouM not noHsllily )n% i 
vlolonb ovoa aa on our own oiirlh, alnoo oenTOhiJondtna luilllMh ^ 
Ju][iltor (Uint Ir, roj^ions wlioro oorrcHponillng oirooU w«miM Int 
ox])oil(inco(l) aro fioiHuatocl bydiHluiiooH so very muoli greater* H 
ta olciir lliat If along a cor Lain mim o£ a planet Uio hud oxvrfm 
(i oorlaln amount oC liiftuoiKU), wlillo along anotlior lio ^ 

(Ita'ovonli Inliucnco, tho rcHuU of tho (lliroronoo, looked lat -a 
ennno of atmOHghorio dlatiirhanuu, muBt ho amnllor as tlm 
hotwocn tho xonuM Js grcaior* 
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inolinntion of the plnncsb’B oquutor, I’emnino tlnoiifflKml; 
fclio year tHii-HiHtontly e<[ua(:orial, wo iiiiiy oonoludo tluit 
blio Satuniiiiii liolfcH — and [)reHiiniably, thoroforo, bhoao 
of Jupiter alHo—avu not miu-raihdil. To auppoHo that 
tlio Him would liavo powor to riUHO belta of (douda, and 
yet that lie would not have power to ciuiho them to 
follow him aH ho puHHea far to tlio north iiiid to the Kouth 
of the Haturnian otiuator in the long Saturniiin yiair of 
twonty-nino torroKtrial years, BceinH unreaHonaldo in 
the oxtromo. It is, however, from the Heeond relation 
tliat the most direct argument is dorivod in tho cuho of 
Jupiter. In tho latitude of tho torroatrial cloud-zone 
tho Bun riflOB in a clear sky ; shortly boforo noon tho 
sky has become ovorcaat, and BtoruiH of rain and thun- 
der continue until tho afternoon is well advanced, after 
which tho oloudfl pass away and tho Him HotH— aa ho 
had risen — in a clear sky. Now we know (|uito cer- 
tainly that nothing of this sort happoiiH in tho ciiho of 
Jupiter; for wo 800 his e<nmtorial bright belt Htretohing 
right alhwnvt his disc ; — that in, not only covering tho 
contro of tho diflo, where it is noon on the planet, hut 
extending to tlio edgo on oitlior side, or to placoH whor<i 
tho Hun is rining and sotting. There HccinH no oHiaipe 
from tho concluHion that tho belt iw wholly diirorent in 
olmractor from our terroHtriul oloud-belt- -thht, in fact, 
it iH not Hun-vaiHcd at all. 

It Bcoma to mo that thoHO oonBidoratioiiH point with 
toloraldo olcarnoHH to tho conohiHion that, within tho 
orb which proHontH bo gloriona an uBpeot upon our 
akioH, procoHHCH of di«Lurbauoo iimst lio at work wholly 
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different from any taking place on our own earth. Tl i 
enormous atmospheric envelope is loaded with vfif u 
ous masses by some influence exerted from 
its level. Those disturbances which take placo 
frequently and so rapidly are signs of the ao(4<»»‘ 
of forces enormously exceeding those which 
sun can by any possibility exert upon so distairh 
globe. And if analogy is to be our guide, and 
are to judge of the condition of Jupiter accord in/-» 
to what we know or guess of the past condition of 1-1 ' 

earth and the present condition of the sun, wo 
led to the conclusion that Jupiter is still a glowiviK 
mass, fluid probably throughout, still bubbling 
seething with the intensity of the primroval 
sending up continually enormous masses of clond 14 ^ 
be gathered into bands under the influence of tho h wi ft' 
rotation of the giant planet. No otherwise, ivtt il' 
seems to me, can one explain the intense vitality, i f 1 
may use the expression, of a planet circumstanccjd 
Jupiter is. No otherwise can one understand wh(iii<rti 
his atmosphere is loaded with vapour-masses pvliciHti 
contents must exceed, on a moderate computation, i i.ll 
the oceans on the surface of this earth. When wti hcm 
masses so enormous swayed by influences of Hiioli 
energy that intermediate belts thousands of miluH in 
width are closed up in a single hour,* when we rtj«c»|^'~ 

* Even if wo take the disappearance of a dark bolt to bo 
fco the formation of olonda, Nvliioh is perhaps more pvobaiilo iTuin 
that tho clouds of nelghboming bolts have oloRcd tU« 
roproacntod by tlio oliange ai'O novertlicloss tremendous. 
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nise the tremendous character of the motions which 
fiom beyond four hundred millions of miles are dis- 
tinctly cognisable by our telescopes, we see that ^Ye 
have no ordinary phenomena to deal with, and that the 
theory we adopt for their explanation cannot be other- 
wise than strilciug and surprising* 

If the view which I have here put forward — or 
rather, the view to which I have been led by a careful 
consideration of the phenomena which Jupiter presents 
to our contemplation — be indeed correct, we must of 
course dismiss the idea that the giant planet is at pre- 
sent a fit abode for living creatures. Yet need we not 
turn from his system with the thought that here at least 
our hopes of recognising other worlds have been dis- 
appointed, If Jupiter be still in a sense a sun, not in- 
deed resplendent like the great centre of the planetary 
scheme, but still a source of heat, is there not excellent 
reason for believing that the system which circles around 
him consists of four worlds where life — even such forms 
of lile as we are familiar with^ — may still exist ? Those 
four orbs, which our telescopes reveal to us as tiny 
points of light, are in reality globes which may be 
compared with the four worlds that circle nearest to 
the sun, I have shown that they cannot subserve the 
purpose which many astronomers have ascribed to them, 
of compensating Jupiter for the small amount of 
light he receives, even if they could bo seen from any 
point of his cloud-encompassed surface. So that, even 
adopting the commonplace and superficial view that the 
purpose of any object may be regarded as ascertained 
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^vlien WG have been able to ask (without any obvioti*^ 
answer) what other purpose it com subserve, we 
ai’e led to the belief that the satellites of Jupiter 
be the abode of life, since on this view, and on til’ll*^ 
view only, we find a rahon both for the pliuio^ 
and for the system which circles round him. 

There are no considerations which appear direohly 
opposed to the view that Jupiter is in a senso 
sun, It need hardly be said that I do not reg«iX*<i 
him as being in the same condition as the oentv^xl 
luminary of the planetary system. If he is an int^ivTi- 
descent body, the greater part of his light is voiU^cl 
by the oloud-envelopes which suiTound him. 
solar clouds are, as we know, themselves luminous } 
those of Juj)iter are not so — a circumstance wliioJx 
indicates that the heat of Jupiter is not auflioLOixl> 
to vaporise those substances which are incandQsaoixl> 
when in the liquid state. The outer layer of oIoixcIb 
must, therefore, be regarded as for the most piivfc 
aqueous. We see there^ in fact, the future oceans of 
Jupiter, if the hypothesis I am now dealing with Ixo 
correct. 

That Jupiter may supply an immense amount of 
heat to hia satellites (on this view of his condition) Ih 
perfectly clear, since the amount of light he omitB 1 b 
no adequate measure of the amount of obscure liofvt 
which radiates from him to the four worlds aroiiiid 
him. When we consider the enormous apparent bI&^o 
ol Jupiter as seen from his satellites, we recognise txfc 
once Jiow large a supply of heat he is capable of 
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mitting to them. From the outermost satellite his 
apparent diameter exceeds that of the sun (as seen 
by us) some eightfold, and his apparent size, therefore, 
exceeds the sun’s more than sixty-fold. From the 
innermost he is seen with a diameter nearly forty times 
that of the sun, and with an apparent area more than 
1,400 times as large as his ! 

We have evidence, however, whioh renders it far 
from improbable that Jupiter may emit some small 
proportion of light. I have already referred to the 
singular excess of his brilliancy over that duo to hia 
size and his distance from the sun and from us. Tho 
estimates of Zollner, the eminent photometriciaii, serve 
to show, nob indeed that Jupiter sends more light to 
us than ho receives from the sun, but that he sends 
much more light than a planet of eq^ual size, and, oon- 
stituted like Mars, the moon, or tho earth, could pos- 
sibly reflect to us if placed where Jupiter is. Whereas 
Mars reflects but one-fourth of the light he receives, 
Jupiter reflects more than three-fifths. The moon 
sends less than a fifth; Saturn, Jupiter’s brother giant, 
more than a half. Tho late Professor Q-. Bond, of 
America, actually calculated that Jupiter sends forth 
more light than he receives. Whether hia observations 
or the more systematic observations of tho Q-erman as- 
tronomer are accepted, wo see that unless wo adopt 
some such hypothesis as I have dealt with above, we 
must recognise a marked differonee between the rela- 
tive lighWeflooting capacities of the two largest planets 
of the system, and those of Mai‘s or the moon. In 



OTHER WORLDS THAN OURS. 

fact, from other researchoB of Dr. Zollner’s, it follow^ 
that if Jupiter does not shine in part by native light, hiB 
surface must possess reflective powers nearly equal to 
those of white paper. Now this would scarcely bo 
credible, even though under the telescope the planot’e 
surface were found to be uniformly white ; but as wo 
find a large proportion of it to bo of a dull coppery 
hue, we seem forced to admit that it cannot really 
have an average reflective power nearly so great 
that calculated by Zollner. It follows, as at leaflfc 
highly probable, that Jupiter shines in part by hia 
own light; and this being admitted, we cannot but 
regard it as highly probable that the real globe of tlio 
planet must be intensely hot. 

It may seem, at first sight, that the aj)parent blaok^ 
ness of the satellites’ shadows, as seen on the disc of 
Jupiter, is wholly opposed to the view that any portion 
of his light is native. But as a matter of fact thoro 
is no force at all in this consideration, or rather, whai>- 
ever weight we may attach to the observed appearanco 
of the satellites* shadows is in favour of the sti’ango 
theory hero put forward. For it has been a subject of 
remark among the most experienced observers, that tx 
satellite in transit will occasionally appear as dark as 
its shadow, both seeming black. The blackness, then, 
is only apparent, and an efifeot of contrast. In reality, 
if such observations as I have mentioned are to b« 
trusted (and I know no reason for disregarding them), 
the shadow of a satellite is not black, and theroforo 
there seems no escape from the conclusion that tho 
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Burfaob on which they are projected ia partially self- 
luminous* 

A stronger argument against the belief that Jupiter 
is aelf-luminoua lies in the fact that the satellites 
disappear in his shadow. It must he remembered, 
however, that in any case we can assign but a small 
proportion of inherent light to Jupiter, and that his 
satellites w^ould therefore, in any case, lose so large a 
proportion of their light when jiassing into his shadow 
that we might expect them to disappear, even under 
the closest telescopic scrutiny* 

One of the most suiprising phenomena ever wit- 
nessed by the telescopist seems to me to afford even 
stronger evidence than any yet adduced* I refer to 
the observation made by Admiral Smyth, that on one 
occasion the second satellite of Jupiter, twelve minutes 
after entering on the disc of the planet, was seen owt- 
Bide the Umh^ ^ where it remained four minutes, and 
then suddenly vanished.^ Two other equally competent 
observers, Maclear and Pearson, witnessed the same 
phenomenon. ‘ Here/ says Webb, ‘ explanation is set 
at defiance/ But it is precisely where explanation 
seems sot at defiance that we have reason to be moat 
hopeful of gaining instruction. The observation is 
very startling, it is true ; and the exx:)laBation may be 
expected to be also surprising. But I think it is not 
far to seek. The satellite cannot have retraced its 
course j Jupiter cannot have shifted his place ; our 
atmosphere cannot be in question ; all these explana- 
tions being eliminated, our task is rendered easier 
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instead of more diflSciilt, A change in Jupiter’s ol on dl- 
laden atmosphere, corresponding to that which I 
presently have to exhibit as explaining Saturn’s o oc- 
casional assumption of the square-shouldered a8poot;> 
will obviously account for the phenomenon. It is woH 
known that the acute observer Schroter occasionally 
suspected an apparent flattening of portions of Jupitor^s 
outline, but the suspicion had been regarded 
erroneous. We find, however, in the observation now 
in question, effective confirmation of that long-doiibtecS 
observation of Schroter’s, If we consider the matter 
rightly, this observation, made simultaneously Iby 
Smyth, Maolear, and Pearson, renders that view ivll 
but certain which hitherto I have presented only as 
highly probable hypothesis. 

Although I have already far exceeded the limifcfJ I 
had proposed to myself for the consideration of thin 
noble planet, it is with regret that I take leave of liiiri 
to pass onward to the outermost bounds of the Bolt^r 
system. I would fain dwell even longer than I havo 
on a subject of contemplation at once so interesting 
and so instructive, Jupiter, the centre of a noble ayH- 
tem of worlds, or Jupiter, himself a world inhabited by 
beings as high perhaps in the scale of creation as Ixo 
himself is in the scheme of the planets, is alike tx 
worthy subject of study. The more one dwells on tlxo 
features ho presents, the more one is impressed wiClx 
the sense of the grandeur of his position in the univei’so. 
One who has not gazed hour after hour on the glorioH 
of the giant planet, gathering fresh delight as featuro 
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after featoe is revealed beneath his scrutiny, may 
disregard the grand lesson which the heavens are 
always teaching* But the astronomer, imbued with 
the sense of beauty and perfection which each fresh 
hour of world-study instils more deeply into his soul, 
reads a nobler lesson in the skies. The music which 
reaches his ears may be fitful, but it is not ^ as sweet 
bells jangled out of tune and harsh*; he may not 
master its full meaning, though every note thrill 
through his inmost soul ; but even when its sounds are 
least distinct, they ai^e full of mystical solemnity* lu 
fine, the true astronomer may say with the Pythagcn 
rean, though in another sense, — 

Tlioro’s nob one orb wbioli tbon behold^sfc 
Bub in bis motion llko an angol sings, 

Still quli'ing to tbo young-oyod oliorubim ; 

But wbilo this muddy vostiiro of decay 
Doth grossly close us In, wo cannot hoar it, 
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OIIArTKU VJ, 

HATIIIIN, Tllli HlNiiKn \VfH(U), 

Tk iTnpihn* by bin <iunininiHliip| [irupitif iini!} urinhl<i t\ 
Ibnnbb) iU7piiiH)nl> H|.>;aiiui(Jhn vu\\\ lliu{. mir finy 
iH (bo only roitl wnrbl ia Ilia itolnr ^yithaa, Hal i mi ;ia|M 
plioH im ar/puaoiil. of iinaraly iarriiar MlifOipJli iu tlm 
wia/|almiy coiaplox obiinM’ha' af lim Hrlnaaa nf wliiali 
lin IH iba oaulrvo. No laio cma (‘onitaaplala (blii/ibainuH 
pbinot, an hIiowu by a (alatiaapu nf aibapiuia p.nvt i, 
wilboult boia/j iinpn^j^Krd by lint <vmvii’l iaa ibul la^ \h 
]oalvia/( ul* a waibl alia/.(i^lb(a* laaio iia)italaaf ia fbt^ 
Hohoiao of i?toiUioa Mini# Iba <ai wbialt \vi* liv#'. 

Whol.hor ho rinuiipiiHan ia tba pri'Haal- rHiMlilina id' fba 
plivaol; Mio roHali, of Uio nrtifiu <if lawn wliiali bnva fbr 
vanl; parbiilH vaigaad (broiiijli fbo naivau a^ ar uhalla i* 
bo profoi’K l.lio vinw llmt» Hnlian and liiHiiyalain ava jir iai 
now an iboy wan* funbinaad a(. (bn lia/pmunn by 
Aliai/ifliiy oraiilivo briad, bo ia idiba maiiv.«‘#l al llat 
ooaiplaxiiy of airilaluro I'xliibiiad ia MaM^iaranoa widali 
ho irt|i(ir/iag. llo may nol. ba abli% hah ad, n# ap. 
prooiuto Mui iruo nhimioiarof Mio Hb< wmb wba h Iba 
vartonn pnrlH of I bo Hid nniian aysliaa an^ dcaa^^, or ho 
may, in a loo bimiy uMiaapf to hoIyo Mio laif'bfy 
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problem, be led to erroneous conceptions j but that tbe 
great planet speaks of life, past, present, or to come, 
ho cannot gravely question,* ^ 

In volume and mass Saturn is inferior to Jupiter. 
Jupiter is 1,230 times, Saturn nql quite 700 times, as 
large as the earth ; and while Jdpiter outweighs her 
300 times, Saturn is scarcely 90 times as heavy as she 
is. Still Saturn is sufficiently large and massive to 
dwarf our earth to insignificance 5 and even Uranus 
and Neptune, though belonging to the family of the 
major planets, and giants compared with the earth, fall 
below Saturn far more than he does below J upiter. 

Like Jupiter, Saturn rotates very rapidly on his 
axis, the length of his day being about 10 ^ of our 
hours. The materials of which Saturn is composed 
have a mean density not much greater than half that 
of Jupiter, or less than three-fourths of the mean 
density of water. In fact, Saturn’s mean density is 
specifically less than that of any known planet. It 
seems not impossible that wo have in this relation some 
indication of the true cause of that complexity of detail 
which the Saturnian system exhibits. 

The equator of Saturn is inclined about 28^ degrees 
to the plane in which the planet moves, so that his 
seasons (so far as they depend on this circumstance) 

• I know uotlilng bettor oaloulatod to load mon to ohooao as- 
tronomy ns thoir favourite aubjoot of study tbnn tbo oonlomplatlon 
of tho Satunilnn system. I can well romombor tbo sensations 
with wUloh I saw tho rlngod planet for tho first time. I look on 
that view ns my introduction to tho most fascinating of all the 
ftoltinocH 
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oloBoly roHoinblo in olmruoti'r Ui(in(\ of ( lio pliuiol. Mojh, 
Ilo otimipiofl alioufc 2!)J- youiH in (Micliiii; oni-i* iduml 
bho Him ; blim, blmroriini, in <]io loti/r|}i of dm •Siiliiniiiiii 
yoar. Ilia diHlamm from Mm hiui in iiomly iwii-o dm(. 
of Jujator, 1111(1 Hourly I imi l imoM limb of Mit> ciirlli ; ko 
bliab bim iiinonnb of lij'Iib mid Imal widoli any ]iiii'l ion i>f 
Ids Hurfnoo roooivoH from llm min in uhouf part of 
tluib roooivod by a Hlniilar ]iorllon of blio omi h’H ninfaco, 
Ilia ovbib boiiig Hoinowliab oooonirio, liowovi'r, llioro 
ia a coiiHidornblo varlnl ion in bliia ri'!<]ii'o|. dnriii;; dm 
conrao of a Hai.nviiiiin your, iiiKoinimli limb wlmn ho ia 
noiivoHb bo llm Him hu roooivoH inoro lif'lib limn wimn in 
iipliolioii, in tlm propovbion of nlioiil. (i l,o4i 

MoRb of bill) ridabioim wliioh Imvo In lio ooiiHidori'd 
in (liHOUHNing bho Imbilabilil.y of Suinni Imvi' litim 
alrondy doalb wibh (iindor vary Hiinilar oondilions) in 
broabing of obhor planobH ; ho limb 1 jiro|iom» to loiioh 
on bhoin vary lighbly, in ordov bo ('onio inoro i|niol!ly 
bo bhoHO oivoiiiimtiinooK wliioli dialingiiioh Salnrit njio- 
oially among llm oblior inomborH of llm mdar aytiloin. 

Qraviby ab hi« (!(|iialor Ih aliiioiil tfxaolly r<|niil in 
gravibyab bho oarth’H mirfaoo. Noar llm imlim thorn 
i« a miirltod Inori'UHO in tlm aobion of Habnrnian gravily, 
inflomuoli bhat a body woigliing 10 iiohiuIm iil, Ium mpui- 
bor would wolgh abmil. 11 ! {loniiilH ab oibhor judo, 'I’horo 
iH nothing, Imwovor, in thiH imouliarily which nmrd ho 
Hpooially dwell) upim. 

Till) hmgbh of tlm Haliiriiian year, and bho anmlt 
quaubiby of Itglib and hout r('t!i’ivi*d from tho hiiii, am 
uiinply mom inavkod inHiancoH of whnb Iium ulrcady 
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been considered in the case of Jupiter. We may con- 
clude with some confidence that these relations are 
quite sufficient to render Saturn wholly uninhabitable 
by such creatures as exist upon the earth ; but there 
seems no reason for supposing that (so far as these 
relations alone are concerned) the planet may not he 
the' abode of living beings as high in the scale of 
creation as any which live upon oiir globe. 

Thus viewing Saturn, we cannot regard even the 
exceptional efifects produced by his ring-system as of 
themselves sufficient to banish life from his surface. 
These effects are not without interest, however, and 
as they have been made the subject of some discus- 
sion, I think it well to make a few remarks upon 
them. 

I apprehend that when Sir John Herschel said 
that the rings occasion an eclipse of nearly fifteen years 
in duration, first to the northern and then to the 
southern hemisphere of the planet, he meant simply 
that during an interval of such length a large portion of 
either hemisphere was in shadow. He knew perfectly 
well that long after the edge of the ring has been 
turned directly towards the sun, a very large propor- 
tion of the hemisphere over which the ring^s shadow 
proceeds to sweep remains illuminated. It had always 
seemed to me, therefore, altogether a mistake on the 
part of Dr. Lardner to interpret Herschers words as 
though implying that a whole hemisphere of the planet 
is eclipsed for fifteen years in succession. 

So misinterpreting the expression used by Sir John 
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Herscholj Dr, Lardner, in his desire to show that 
such relation existed^ was led into real mistakes 
as a sounder mathematician would not have maclo* 
He examined the relations presented by the ring* 
a gwctisi-mathematical but inexact manner^ and 
to the following conclusion — Hhat by the 
motions of the heavens produced by the diurnal 
tion of Saturn, the celestial objects, including the axxx^ 
and the eight satellites, are not carried parallel to 
edges of the rings] that they are moved so as to 
alternately from side to side of these edges; tlmfc^ 
general, such objects as pass under the rings ai'e oiilj'" 
occulted by them for short intervals before and 
after their meridional culmination; that althon/gli> 
under some rare and exceptional eircumstanoes and 
conditions, certain objects — the sun being among tlio 
number — are occulted from rising to setting, the 
durance of these phenomena is not suoh as has be on 
supposed, and the places of their occurrence are fVvx* 
more limited/ All these statements are more or 1 <ihk 
incorrect, and most of them are the direct reverses of 
the truth. The seven inner satellites of Saturn stai itl 
iu an altogether different relation with respect to til 
rings from all other celestial objects, since they travol 
in the same plane and in circles concentric with tlio 
outlines of the rings: they can no more be ocoulbod 
by the rings, therefore, than an outer ring can Ills 
occulted by an inner one* So far is it, again, froxti 
being true that the sun is in general only occulted for 
a short time before and after culmination, that tlio 
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more common case (considering the whole planet) is 
for the Bun to be eclipsed (if at all) throughout the 
whole of the Saturnian day ; and a very common case, 
left altogether unnoticed by Dr. Lardner, is that the 
Bun is occulted in the forenoon and afternoon, but free 
from eclipse in the middle of the day* Nor is it tine 
that the places where the sun can be totally eclipsed 
throughout the day are limited to a relatively small 
portion of the planet, since every part of the planet 
whence the rings are visible at all has the sun eclipsed 
by the rings throughout the whole day for a longer or 
shorter succession of rotations. In the remaining or 
polar regions of the planet the sun is altogether absent 
for long intervals of time, for the same reason that he 
is absent from the skies of our polar regions during a 
comparatively short interval. As for the endurance 
of the total diurnal eclipses, it is only necessary to 
remark that in the Saturnian latitude eon’esponding to 
that of London or Paris the sun is totally eclipsed for 
more than five years in succession, while in the lati- 
tude oorrespondiug to that of Madrid he is totally 
eclipsed for nearly seven years in succession. This 
suffices to show that an aiTangement which the in- 
habitants of earth would find wholly unendurable pre- 
vails over a very large proportion of Saturn’s surface,^ 

' I'ho vIgws liero expressed as to tho ofEcots ol! tlio Satiimian 
rings are founded on oxaot mathomatical caloiilatlon^ of whicli the 
olomonts are given in my treatise on Saturn. The problem ia not 
by any moans a dlflloult one, and tho only way in which the orro- 
ncoua views formed by Pr. Lardnor can bo explained ia by con-* 
Bidoring that lio dealt with tho problem in a general instead of ewi 

L 
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Bnfc if wo conBiclor tho matter rightly, we fllmll **"» 
that this, after all, need not surpriso ns, aiirco tli(ir«* * ** 
already in the enornums distaneo of Sahmi from (li*' 
snrx tlio amplest rcjiaon for behoving that ho eiiiiii'** 
be inhabited by auoh orontnrea as exist tipon tlm ear* 1* » 
It is in vain that by conooiving him to bo aurrovniil*** ^ 
by a donao atmosphero wo assign to him a tu«*;»** 
climate ns warm as that of the earth. Tho want. 
direct solar heat still i-omainH, and must bo rogar«!*'»* 
as a fatal objection to tI>o Imbitabiliiy of Sntmii l»y 
raoos rcHombling those with which wo aro fainiliiir. 

In tho caso of Sntmn as in tho case of Jupiter, I 
provision of satollites and of tho rings which ft>t'»*» 
so glorions an object to tho iistronomor on eav(;H if* 
altogothor inadequate to increaso tho supply of lij'l**- 
received by tho Satiirnians to any such extent aa Im?* 
been imagined. Those woll-moaning porsons 
insist on their own interpvotation of Deity’s <h;Hi|;ii«s 
are singularly successful in ovorloolcing very ohvi< m i »» 
diihculticB. If tho design of tho rings, for iiisliuuM’*, 
really wore to oomponsato tho Saturnians for tho atiiul I 
amount of light which ihoyrocoivo from tho BUii, if- 
would surely follow that there was a want of Avisflinu 
in tho selection of an nrrangoment by wliich mom li^;}* I 
is kept away from Saturn than tho rings can possilily 

oxaot infinuorr 1 oowld not fcol any doubO an to tho nci-oiiruoy i * IF 
my rcmills, but I was not tholoas plcnacd to rooolvo a lot lot fr**?,*! 
Mr, Frcoinuii, a fellow of Bfc. Jolm'a Collcgo, Oambi’lOgOi KluHint 
dmfc lio liad obtained slmilav rosnlts, and Imd construotod 
on ihoplnnof Table XT. in my ^Saturn/ nml bo oloRoly 
with it m not to need soparato publicailou. 
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reflect to him. And, further, during the very season 
when the extra light derived from the rings is most 
irequired by the planet, that is, during the long nights 
of the Saturnian winter, they exhibit a dark band upon 
the heavens, concealing whole constellations from the 
view of the Saturnian people. As far as the satellites 
are concerned there is no corresponding difficulty. 
They undoubtedly reflect the sun’s light to Saturn, 
and if there really are intelligent beings on the planet, 
the satellites must undoubtedly present an interesting 
spectacle, especially when a lai'ge number of the moons 
are nearly full. But a little consideration will show 
that oven though all the satellites were full at the same 
time, the quantity of light they could send back to 
their primary would be wholly inadequate to com- 
pensate for the planet’s great distance from the sun. 
According to the best estimates of their magnitude, the 
eight satellites, taken in their order from their planet, 
cover spaces on the Saturnian heavens which bear to 
tho space covered by our moon the respective propor- 
tions of about 2, 1, l;h f , 

they cover an area about six times that of our moon 5 
and as, owing to their great distance from the sun, they 
avG illumined by only light which illu- 

minates our moon, they could only send back to the 
planet, if it were possible for them to be all full 
together, about -j^th part of the light we receive from 
the full moon. It will bo remembered that the light 
which would be reflected from the Jovian moons, if they 
could be all full together, bears about the same propor- 
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tion to otir ihochiVj. Wo m^oiii fon*o(J (<» tho Oinirhiwi^u 
thattlin »UtolUl.tmw(n*(^ nnl. iiiloinlrd In mihf'rrvn ony Hiirli 
(loBign uhIuih Ih'OH imii/finod. Ili’vo, ns in innny 
oiiHOS, tho H(dioiii(^ of <jrrnlinu in iml- sn iil>vifMin fi*, 
hurniin rouHoiiiiig m nonur lmv<^ onmpliM’onl ly nupinK i-d, 

Wxit wo liavo now in itoninMor [)o«nilinril ion wliii h 
HUggORt that Satiinrn glolio has uni. yol. ri :u‘lird n o(Hi- 
(litiou liM/ing it to ho (Ih^ nJindf* nf living onsil>noH« 
ThcKO po(ailinritioM roRoinhlo in gn‘a(. jnnf flmito whii h 
lisivo boon alroa<ly noliood in lln^ 0100 nf .fnpilor, liul. 
uoorlain nurntroiiuirkablo iilioiionnntoii lirdnn/pi io (lM^ 
ringod idniiot alono. 

Tho iKdts of Matiirii roiunnblo I Instil nf dupilm’ in 
tlioir goiunal idiajjo (not* l!i(Hir 4 ‘ompanyinif l'la(t:)aud 
ulfio in tlioir (?olnm\ dark bidfii noar fbr^ I'ijnnior 
avo of a faint brown or rmldy f iu'p% lo ar I bo pnb^ 
bluinli or ginouiah wbilo tin? laigbt boHii nin 

yollowinb — tho cquidonal bolt boing tbo brigbioid fif 
ullj and almost wlHt(% Tlio pob?M art* oontiinnily dufdiy^ 
and ovfoi Hoinbv<i in Into. 

TlioboltH<iliaiigo in anpoot ninoh an tlnatri^f *hipi(or 
havo laam n})H(‘iv(Ml to do; uml wliotlior wr^ ntgard I bo 
oliango UR duo to llm bodily truiiafonnnm of rlo^ Indlfi ftf 
cloud or to tbo prooipifution of (boir murmial in (bo 
form of ruin (while, olRowbons inviaibb^ vapoma mo 
condouKod into olouda), wo artt oofiipollod lo rojingniso 
tlm action of forcoK ntbigoiln'r oxooodiug tbono wbiolii 
the Run cun Ikj Hiippoiasl to ox«n't upon tbia di’^tant 
planet. Tim liglit HeuI Ux uh from u idan bourn 

H much groatnr proportion to llm amount i*f rolur light 




Tin: Plaskt Sati-hx. 
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Uy riicoivod by tl»o idanofc than is obsorvod in 
of Mivvh or fclio' moon, and bo noiirly ap- 
jh(fH the proportion noticed in tho cuao of Jnpitor 
loud to tlio Hiuius inference— namely, that ii portion 
iitm-n’H lij'ht ie omitted from tho body of tho 
olt 

In lIujHO and uIho iu tlio Hinall denHity of 

(it, wo He( 5 in to HicogniHe ovidenco which pointB to 
n n aH probably a hcat-8un (if not to any very note- 
, by extent a light-Hun) to tho uatollitcB which cirdo 
md him, and not liiinHolf tho al)t)do of living (a-oa- 
!H, -Without dwdliug further on ovidonco already 
y considered in tho case of Jupiter, I turn to ono 
Jio most Btviking facta in tho whole range of olmor- 
ional astronomy, as anpplying at once now ovidonco 
[Uietiiig th<i condition of Baturn, and strengthening 
evidence addiujed rtsspciiting Jnpitor. 

"if It can l)(t shown tliat Baturu’H globe ia subjeot to 
mgos of lignvo porcoptiblo oven uoroHB the ouoriuoua 
) whieh sepuratt^H him from tho earth, it will at once 
admitted that h«J can hardly bo regarded as a globe 
av(!nimitly babitalths. Now I have very littlo besi- 
,i(m in Buying that ovblenoe of tho moat coucliiHivo 
ud exiata in fiivcnir of tliia atraiigo mobility of ligtire. 
will prosoutly bo aeon that it ia with tlio oliaorva- 
msof no more amateur aHlwnomcra that 1 hav(j to 
ml iu imdcmvom-ing to oatabliah aa a iaot that which 
w commonly been apokon of oa an illuaum—tho 
mumpturn by Baturn of Ida ao-calbHl ‘h(|uiu«- 
louldorcd’ liguro. 


OTUIiK jrO.WK/W TllAtf OVUfi. 


tso 

11, wan ill April iHOft tlml, Hir Williitiii llavncliol 
liiHfc callfil (il,t,(m(ion t,<i (liin |irimliavil.y. Tim 
wliinh liiul iihviiyH priinoulnl l,i» liim iiu i-llipiicnl lij'iivt), 
axliiliitinl a H(.vau}jtily (litilnrlinl ivhimhi).. A woll-iimrltml 
lliitLoiiiiii.' at thii (niiinlor, uaaoiiiptmitMl by an (iipially 
wfiU-iiiarkwl llaliaiiiiij' at thn ]Hili‘a, j'ava ilm pliiii(!(.’H 

(flalta an oliltm|» lifptio ("ith inmuli ti anj-lrtt), llm 
louKiiHt (liaiimlma liavinif i liair I'xhi'iitiliiiH in Sal iiniiaii 
latifcudo 4H" 20'- -Htt i-xan(ly wan tin’ I'n at unlKiunmi-r 
alilo io iiidimla tlu' natinn id’ (Im didorinity, ttwiipf ta 
iiiH woll~inarlci“d oliavaftar. 

What viaw ahaU wa I'tirm iviiiaml.iipf an nlna rvatinn 
of HO voinavkahhi a nainvoi* Wan (ho pi'anliaiity 
duo to tidomiojiio diatorlionV lli'iindM’l nhii'ivod it 
with Hovoral iuHtruiuonta, Homo w’Vi'ii, Homo Ion, ono 
twonty, and oim forty foot in k;iif;th. Wan iho |ili(‘- 
iiomoiion duo to atmomihorio dintmhamioMi' iSuolt din- 
tiirliaiiooH ooiild not iiooonnt fora pi’nilatont iinpnMiinii, 
htiwovor woU llioy mijfht o.'iplaiii llm mumcnlary iim- 
Humption of tho winaro-HlmnldoK'd anpin-l liy llm ringed 
planot. lloHidoH, ihtpilor laoHonlid no anoh appear- 
aiKio. WiiH tho aiipoamnoo an o]di<’al illuHimi, duo to 
tlm jioaition of tlio rin/{ tlioii aliphlly upon? If ho, 
Llio planot Hliould ahvaya o.vhihit (ho Hijnaro-Hlionldonnl 
aa[io('t wlion Ida rin){rt aro opoii to that )nnt ionlar vx» 
tout I and tliiH in not llm coho. llonidoN, wo onp;ht to 
iiotioo a Himilar ilhiHion wimn lootdn^; at a pioinro 
roprcHonting that partUinlar plniHo of t'aturn. MuhI 
wo thou uccopt tho aHl.oimding oonoliiHion fliat tlto 
giant hulk of Katurn in HUhjoot to thuant of no 
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L^jn(iU(lou» a naturo m to uplioavo wliolo zonoH of liiH 
rfaoo livo or Hix lumdrotl mWm abovo tboir oidinavy 
vol? Truly tlio (jonolusion ia ono to bo avoided, if 
(suii by any ixisfubility find a loaa fitarOing oxplana- 
m of Ui() nmttor. 

Yet \vlu',ro iiro wo to look for aucli an <iX|)laiiatloii ? 
^aa Sir Williiiiu liorBoliol aiinply <l(iO(‘iv(jd? I bavo 
ready (a^iiaichu-iul tlui goiujral quoation of illuHion^ but 
10 reader inigUt ontortaiu the expliinatiou ua (?on- 
nvublo tluib HevHelad had for a while loali tho 
aiinou wlnoli diatiiiguialiod liiin — that for ox- 

njdc, might liiivo roud(src(l Ida obaorvatioua iu(jxiud « 
nt wo luivo abuudaut ovidonoe that tlio great aatm- 
01 nor wuH in tho full poHHoaaiou of all hin woiahuTul 
[)\vorH UH an ohaorvor during tho numth of April 
HOC; wo know fuvUior that, by oarc'.ful meiiHuroniouta, 
o rigidly oxeludod all poaaibility of ilUittion aireotiiig 
IB judgment. 

It would bo inoni Katiafaotoryj doubtloHB, to iluj 
[»ader, Uowiwor, to leani that otluir obHorviu’H had 
otieerl Hunilar ptMudiaritiott, or peiaiUaritioa whiob, if 
nt aiinilar, woro at leuat an(jli a« to prispnro via to 
ounidor tlu^ globo of Buturii liabU'/ to romarUaVdo 
liangoH <ir llgure. Fortunately many auoli <»bH<u*va- 
iona liiivo lieeii roeorded* i tiiho tlio tollowing lr(nu 
mo of a lengthy Horiea of paparH on Hutnrn by Mr* 
rViibb, in tho^ lntolhiotual Ohaorvor^for 

On Auguat 18 ()B, Bolirdtor found Batuvu not por- 
hotly Hplieroidal in liguro. Kitohinior aaya that for a 
hw moutha in tho autumn of 1 B 18 ho ^aw Batura uf 
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the figure described by Sir William Herscliol, IM*** 
that with two different aehromatics. At this 
the ring must have appeared too narrow to account i* ’ 
the appearance as due to illusion. On one ocemu»>** 
Su‘ George Airy had a similar view of Satin' J*- 
He remarks, also, that a person unacquainted wi t i * 
Her sohel's observation remarked spontaneously on 
flattened equator of the planet. On another occnsiinir 
Sir G. Airy noticed the exact reverse, the planet seijin i i » 
flattened, instead of upheaved, in latitude 4/5°. Iti 
January 1865, Coolidge, using the splendid rofninl **>' 
of the Cambridge (U.S.) Observatory, noticed that t 
greatest diameter of the globe seemed inclined ubmi l- 
20° to the equatorial diameter j but on the Otli 
equatorial diameter seemed the greatest; while 
December 6 ho says: ‘I cannot persuade myself timf 
it is an optical illusion which makes the maximum iHii-* 
meter of the ball luterseot the limb half-way betwiM.*ii 
the northern edge of the equatorial belt and the iiiui***' 
ellipse of the inner bright ring.’ All this time IUm 
rings were nearly at their greatest opening, so tlm* 
any illusion should have boon of an opposite cluirael.ti v 
to that observed when the rings were nearly clostiil* 
In the report of the Greouwioh Observatory ft *r 
1860-61 it is stated that ‘Saturn has soTnetwum itj*'- 
peared to exhibit the square-shouldered aspect.' Thtu 
eminent observers llond, father and son, have iiotfiu** t 
similar peculiarities, using the great Morz refrucl Mr 
already refeiaipd to. Eaoli of them noticed a llattoni ii 
of the north-polar regions of the planet in the sumiiifr 
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of 1848j when the ring was turned edgewise towards 
os. On the other hand, the same observers noticed 
fcliat in 1855-57, whan the ring was most widely 
opened, the polai* region did not always seem projected 
farthest on the outer ring in a symmetrical manner, 
but four times on the left of the pole, once on the 
I'ight, and once only exactly opposite the pole. ‘ The 
outUne of this region, also, occasionally appeared irre- 
gulaily flattened and distorted,’ an appearance not 
Batisfaetorily expilained by the juxtaposition of the 
<Jai’k shadow of the planet on the ring. 

Now there can be no doubt whatever that the 
planet Saturn is not ordinarily distorted. In 1832, 
during the disappeanuice of the ring, Bessel carefully 
determined the figure of the planet’s disc, and Main 

1848 ^when the ring was again turned edgewise 
towards us) made siiniloi- measurements. Each of 
djliese trustworthy authorities came to the conclusion 
tliat the disc of Saturn did not, at the seasons when 
ttey respectively measured it, exhibit any distortion 
of figure such as Herschol had described. 

We seem almost compelled, therefore, to accept the 
conclusion that the planet Saturn is subject to the 
ixiflueuce of forces which either upheave portions of its 
surface from time to time, or cause vast masses of 
^^loud to rise to an enormous height above the mean 
level of Saturn’s cloud-envelope. Whichever view we 
adopt, we cannot fail to recognise the fact that an in- 
tense heat must in all probability prevail in the great 
g-lobe of Saturn ; and doubtless the real mass of the 
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lihuKitmuKl- omitn lirillmnl. lif'lit, Mtn ol.tiiil- 

Htnilfv HiuioumlinK I'ii'i >'»‘y I'Vt'vml m f'n.iu jvi-o/j. 
iiiHiujf niovo tlinini iiiiiiut(»inn|itulM»i of liiti Imniiiohity. 
In fiict, (uuiortliiijf il'i" viinv, Siilmii uml .tiiiiitor, 
niililcn (lio H«n, \vIiom<i roitl unlmluufoi iniljt n liv ii iiilcut<o 
light tliini Iho oloutl |ilinlo!t|ih('io Hnnoiin.liiig him, 
mUHt hiivo tnu'h'i nolhl or Hutthl nhioing with im 
altogotlmr morn hrilliimt li/'hi, (him (ho olou<l-imvohi|ii<M 
of Ummt plaimtH iirmo ii<!( unity (<> omit. 

Wliy Mii(uiii, rnlhi'r (him .liipitor, nh-mhl oxhiltit 
from timo to limo i.hiMio mynl* lioun ohimjo-n of liguro 
in roudily oxplinulilo whmi wo ii'ioMiuVior llin(. (ho 
plnno in wliioli (ho .loviuu niilolIKon luovo m nrly I'oiii- 
oidoH with (ho nrhhni idtmn of (hoir iniioiiry. Thoro 
thuH idwiiyn vohuIIh n oIoho »);n'omi*n( Intlvvooii tho 
zono on \vhiol» tho niiloliil.oH oxoit (hoiv );ii iilo!i( din- 
Lurbing inlhioin’im nod thiil. mont iulho'iirod liy tho 
Holnr iinlion. No mioh ooiiicidout’o oxiiln in (ho onno 
of HiitiU’ii, whoHo i<nloUi(i'H (mvoI in n |il;mo inolinod 
Hourly 30 dogrooii (o (hot in whioh (hoir jniiuiny 
tnivoln. Wo hiivo noon, howovor, (lm( ovidimoo in nol 
winding to jtrovo that Jnjiitor in roally lintdn (o ooca* 
Hiouat olningoM of (Igmo, (hough nol (o imoh an oston). 
UH to ohniigo (ho gonond nii]iof(, of (ho jdaio'l. 

I think (ho (ividonoo in (hoiMno of Sal urn favonrn, 
at leant an ntrongly an lhal whioh haii boon ailduood in 
tho eano of iTuiator, (ho holiof (hat. (ho gian(. idninda 
outnhlo tho zoiio of aHtorohlH nro not (lonoHolvoM nnil- 
ahlo uhodoM for living oroatnroM, but am nnnn, fmjt- 
phuiiontiiig tho laitnll anmunl. of lighf, and yet, morn 
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fully BUppUuuouliug tUo Hinall umouufc of liniil; winch 
lh<^ Him HupplhsH to the HiitollitcH circling around 
thcHo orbn. Undoubtedly, if we arc to judge accord- 
ing to th(^ nnitliod which luiH hom m oftou apidicd to 
Buoh qucBtiouH, if wo arc to uhIc ourHulvcH according to 
wliafc aiTangintnmt the central plainjtH and tlu^ HyntciriH 
circling round them rcciu moHt; rcMimniably int(n‘prctcd, 
we Hhould at once adopt Honn^ Hueh conoluHion, For, 
l)y talcing Jupitor and Haturn to bo ntrictly analogonn 
to our own earth, and tlunr BatclUtcH to bo HubHidiury 
bodioH, rcHondding oiir )n()i)n in //m, that they Hub- 
Hcvvii at proHont no other [nirpoHo but to illununato 
tlio nooturnnl HkitJH, and to Hway the otu^aiiH of their 
prinnu’hm, wo ibid ourHolviBi porploxcd by the conni- 
d(H‘ation that a much Himphn* arrangement would have 
HubMorvial purpoHCH much more completely. In 
the cuHo of Hutundrt HatellitoH, imhaul, it ncemH difli- 
cult to comadve that tlume bodioH (undd luivo been 
intemled to fullil any mieli purpoweii, tunce the two 
outer OUCH (iould neiiher give uwy uhoIuI light to tlunr 
primary, nor Hway appreeialily any oceann which may 
oxiat upon tlie plamd;., 

ThcHo coiiHuha'al ionH lead to ladiove that the two 
moHt impovlant moniberH of tla^ planetary Helienu^ munt 
be left without inliabilaiitH for the premmt, wliile in ex- 
cliange I Hubmit, to tlio eon(oni])lutiou of tbo euriouM, 
twidvo Hinall oiiiH, coiiHUtuting two miniature world- 
HyrttcmH. Tho oondit ion of tbeHO worldn will bo touched 
un brielly In a Hcpunvle chapter, 
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OIIAPTKU VIL 

UUANUH AND NKrTUiNM, ru\) AlUriU) l'J,ANi:n4. 

A OIUODMSTANUK wliioli \n <»!' /jnnil, inipuriuiutn in 
(;onHi(l(U'iuj{ tlio vnlulioini of llio nnli*r pliiuofii m tijit |o 
1)0 lottt Higlit of, o\viii/( to iho nnMiliiifaoInry fniuinrr in 
wliioh in iiciuly nil linokH on loif ronnmy M»o pkmnlary 
orbitB iiro voproHiaiiod, To lunk al. iUv of orpii- 

cUntiml) aiwl oonoouirio oirrloH rttpri/H^ntiii/f (lionrhifM 
of fclio phnuilH, who w<mhl jiuppoMn ihur in piiMMinij 
from fclio orhib of Jupil.or to limt of Sul in n n iliiilumio 
fivo timou iiH grout an that wliirli Mopiuulc^;i onr ouvih 
from fclio Him imn to ho tnivoruiul ? Iliil. Ili^ dif\l;ima^ 
Hopavutiug UrimuH from Saturn in l.wioo m grrui ovon 
UH fchiH tromoudourt gup, whilo Nopi nno fiuvolu lui fur 
boyontl UrunuH uh Uiuiiuh hnyoml Sutnni. Nino 
liimdrod* niilliouH of milou in width iu Iho onnrmnuH 
gup by wliioh fcho path i»f Uruimti in MopurultMl from 
fchufcofthn ringod plumd on tho iniior uhlt*, and from 
that of diHfcimfc Nopfcnno mi llio ouior; ho Mmt u lino 
to fcho diunmtor of Jupiii'rV orldf. would liuvoly 
flidlloo to rouuh from Saturn to niumiH, or from llruium 
to Nopfcuiio, ovou wlum oithor pair of phnodn uvo in 
oonju notion. 
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We know so little of the physical aspect of Uranus 
and Neptune that it is extremely difBcult to form any 
opinion as to their condition. The two planets re- 
semhle each other in size, each being far smaller than 
either of the giant orbs we have lately been con- 
sidering. Uranus has a diameter of about 33,250 
miles; Neptune is somewhat larger, his diameter 
having been estimated at 37,260 miles. The volume 
of Uranus is 74, the volume of Neptune 106 times that 
of the earth. Both planets exceed Saturn in density ; 
for whereas Saturn’s mean specific gravity is but 
•j^'^oths, that of Uranus is and that of Neptune 

mean specific gravity of our globe* 
Thus eacli planet has a density nearly equal to that 
of water. The mass of Uranus exceeds the earth’s 
about 12^ times, while that of Neptune is some 16f 
times as great as the earth’s. It will be seen, there- 
fore, that though these two far-disl ant worlds are much 
leas massive tlian Jupiter or Saturn, each of them 
outweighs many times the combined mass of the four 
planets which travel within the zone of asteroids. Yet 
gravity on the surface of these two orbs is but about 
three-fourths of terrestrial gravity. 

The disc of the sun as seen from Uranus is less than 
that which we see, in the proportion of 1 to nearly 390, 
while the Neptunians have a sun only about -^/ro^h of 
ours in apparent size; and in these proportions the 
solar light and heat received by these planets are re- 
spectively diminished, So small does the sun appear, 
in fact, that to eyes such as ours his orb would not 



OTHKU nVKLJifi THAN <WUS. 


158 

l)reKont a lui 

fix<!{!i!(li«gly l)rilliinifc iliiy-H<«r. 

Bo fur \V(! liavo found llio t’inMiiMiilauiTM of ( 1 u» two 
J)luii ()(,9 Hoiuowluil, mmiliir. Hut wo Imvo now (u cou- 
Hi<lor ii i'(iluti(tu i>vi!HouhMl liy Uniuuii, wliioh in iiof, 
Hlmmd in by Noiiinno. It nmy Im lotnnvlvod (bid wo 
know HO littlo nl)nnt oilbor |ibinot tbnt any vt iy oiuofnl 
(lonKidonilion of llniir liidtibilnlily woidd im inioiily n 
wiifito of liibouf. Tint ovidotioo I unt ulmut (o iiddnoo, 
luiwovor, in tin; oinm of llriiniot, nooni'i (borougldy lo 
dinpoHO of Ibo oliiiin of lliiH plunot (o Im logiudi d 101 11 
world inhiiliilod by oroiduron loimiidilin/; IIioho wo nro 
lumnidntod with on oiul lii and iiti wo ouuiiot loiomniiildy 
BuppoHo Nopinno to bo inbubi(od by miob ovoid uioh 
wliilo UrimuH in not, wo mny voiy fnirly rognnl (Im 
(jUDHiJon iiH dtHpomid of for both plunotn, ovon (lionijh 
tito ndiition doiilt with ih ponnliiu' lo llninuM. 

lIvanuH hiiH a family of four mdolliloH, Nopinno iian 
only ono Hidolliio yot diiioovorod, Now wo lumw t hat in 
tlio oami of Jnpit<!i’, OH in (hid. of Saitnn, (bo poidiion 
of tho piano iioar whioh fho aidollitoH iravol in noarly 
(joinoidont wilh llio piano of Iho primnry'H otpodor, 
Tliorciforo, though no lolonoopo huH yol, oxhibiltid any 
faaturoH on tho dincH of IlruniiH or Nopinno whioh i nn 
onablo uh tu dotorinino Iho ponilion of ila otpndor, wo 
cun Hufoly infor rnnn tho motion of Iho MidoIHlon Itow 
tho oipiatovH of tho jilanolH aro Hitnulod. 

Now blio (iatollitoH of UrnntiH havol In 0 piano very 
nearly at right angloH to (ho piano in whioh ( ho idaitol 
IravolH. It nmy ho inoidtonod ahm, Ihmigh no(, im* 
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portant for my present purpose, that they travel in a 
retrograde direction. The satellite of Neptune travels 
ill a path not inclined more than about 27® to the plane 
of the planet’s path 5 hut the motion of the satellite is 
retrograde. We conclude that the axis of ITranns lies 
very nearly in the plane wherein the planet moves 
around the sun, and that the planet rotates in such a 
ivay around this axis that the sun moves across the 
Uranian skies from west to east, instead of from east 
to west. The latter relation is of no great importance ; 
the former, however^ involves results which dispose at 
once, and thoroughly, of any hopes we might entertain 
of discovering creatures in Uranns resembling those 
which inhabit the earth. 

The inclination of the plane of Uranus’s equator to 
the path in which he travels being about 76% it follows 
that the Uranian sun has a range of about 76° on either 
side of the celestial equator, during the long Uranian 
year. Already, in considering the seasons of Venus, I 
have dealt with a peculiarity of this sorb 5 but in the 
ease of Uranus the effects are more serious. We have 
only to consider what would be the result of so wide a 
range of solar excursion north and south of the celestial 
equator in a latitude corresponding to that of London, 
to SCO how importantly the climatic relations of a planet 
like Uranus, occupying eighty-four years in circling 
once roixnd the sun, must bo affected by such a pecu- 
liarity. We know that in the latitude of London the 
nun reaches at noon, in spring or autumn, an elevation 
of about 38^ degrees above tho southern horizon, that 
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in Bummer he the meriiUnn afll- tltigreen higher, 
while in winter he {wiaMea the uierhiitiii 2:^ clpgree» 
lower, or only Ifi rlegretm nlinve the horizcm. But in 
a flirnilar IJriiniim hvlltiule, wliile the «>in weiiltl renelj 
the flamo ineridiim eleviitiou in Hpring or imtuuui, lie 
would in Hiunmcr tmvel tlirougltmit tlio diiy in n wumll 
circle, 14 degrocB only rroin the pole (ntlffotl of coihbc 
dogrooH nbovo the horijinn), «o I hut nt noon ht‘ would 
bo 6/5^ degrecH, iintl nt. 7 iim.inrd niidnight 5}V| degreoj 
nbovo the northern horizon. Anil obvioiudy, aineo tho 
year of tho UraniiiriH liwta 84 of our yenra, tho ociii" 
timinnco of tho sun iihnvo tho Inwiaon would Inst for 
many yenra.* So far there is nolhing to render life 
In UrnnuB implcnBimt, idwnyn «uit|Kming tho nrimll 
umoiint of light nud h<!nt Buppllcd by tho sun to bo oom- 
ponsatod by Bomo Hiich atmoapherio nrmngomontB an 
phyaioiBifl have thought neeoBtinry for tlio eonveuionce 
of tho more diatiuit plnnota. But when wo conBider 
tho nature of tho Tfruniim winter, wo lind the clrouin- 
Btanooa buoIi ns no nmingomeutn of the sort <?«n be oou« 
ooivod to alloviate. The winter piith of tin* Urnnlnn 
Bini, 111 a latitude* corroa|Kinding to tlint of lK)ndon,l8 
just 08 fully doproBBod below the horizon ns the sum- 
mer path 1 b luiBod above it. At midnight the sun 

' Itxnot oalonktlon nppUml to rolstlons so nntwrt.'ilii sa UioiMi 
lioro In qnosllou wotiW bo oot of placo. from n earefol ismstfuo- 
tlon, liDwovor, with 70” os Ibo H^unxd roluo of tbo InoUooyon of 
llio (K|imtor of Uranus to Uio plane of his orbll, I find itmi ibosuti 
would oonllauo obovo Ws liorlsan In eommor for stool S.1J jrmra. 
Of OQurso It follows Uml. ibo son would oontlnuo below ihe borlson 
for All oquAlly long iwriod In winlsrl 
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is 66J degrees, at nominal noon he is 37^ degrees 
below the southern horizon. And as with the summer 
day, so with the winter night, year's elapse before 
either comes to an end. For upwards of 20 years, in a 
latitude corresponding to that of London, the Uranians 
~if there are any — never see the small Uranian sun. 
During all this long time, too, a sight even is denied 
them of nil parts of the solar system interior to the 
orbit of Uranus; though this deprivation cannot be 
regarded as very serious when it is remembered that 
to such eyesight as ours Saturn would barely be visible 
from Uranus, even when most favourably situated, 
while Juj)iter, always near the sun, would only be 
occasionally seen, shining with a light somewhat less 
than a fiftieth of that which he reflects to us when in 
opposition. 

When we consider other latitudes, we find Uranus 
ill provided for as respects his winter season. In 
all latitudes nearer the pole than the latitude just 
considered, the Uranians have winters lasting from 
twenty years to upwards of forty. In latitudes neoi-er 
the equator the winter night is shorter, but we must 
approach quite close to the equator before wo reach a 
latitude where the winter night lasts less than a year 
or so. Over a belt extending about 14 degrees on each 
side of the equator there is a iieronnial succession of 
days and nights never exceeding the full duration 
of the Uranian diurnal rotation. But we must not 
suppose that we have thus found an ISlysian zone in 
Uranus. The immense range of the sun’s exoursiqns 

M 
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produooB tore alflo ft vftritity of aoitHonal cimiigiw wlii«h 
wo sliowld find altogotlier Hnondurablo. From r huo 
barely rifling ftbovo tho liori5«m in wlnior, lo n Him 
wUiuU riaoB verticiilly ovorlieiid twicn in Llm etnirHo of 
tho Uranian auinnuir, in ft idmiigo wliioh Imnlly iimmlfl 
with our viowaof wlmbiH doBirnltlo in (ho progroBs of 
tho aonaoriH. At the oquRfor i(«plf thorn uro in nfiility 
two BHminorfl, occurring tlio innitHl of tlm Hiin'a 
passing tlvo ocloBlitd eqniilor. Horo for many your« 
together tlio aun paflaca tiny nfltsr tiny to n point urairJy 
ovorhead. lint then conum tho long winU?r, in tho 
heart of wliioU tho huh riaoH barely H tiegreoH nbove 
tho northern or Boiithern horiaon. By whnlever 
arrangomont wo render tlio long Uniiiinn wiiiUsra in 
thlB part of tho planet otidvimbloi, we remler the heat 
of hlB long BununerB unhtMimhlo 5 and vUna vmAf if 
wo oonooivo of iitincBplieriti relationn which weald 
render bia summora plenaing, we hnvo cfttiaed hia 
wJntora to ho ho intouaoly ooUl that no cronliiroB we 
arc familiar with oould endure the prrdongod and 
bitter froata, uontnuiting an diKtrt>Hflingly with the 
Imagined geniality of his amntner wcnlbor. 

If UmnuB be Initabited nl nil, tlion, it rnuat bn by 
orenturoB oonatitutod In a very dlfferont manner from 
any with wbloh wo are acquiUnlcd. To nueb erenburen, 
if any among thorn bo gifted with IntoUigtinoe, the 
hoavena, though not adorned with planefci» muBfe yet 
present an IntoroBting imbjcet of study. The pwitioti 
of tho polo, lying olpao by the lUKline, «o fclmb amongst 
the (iodlnoal opnatoyntlons tbw® are allth® wIsUw 
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of motion wliich wo recognise in passing from the 
wjiiiiloi'ial to 2 )olm' oniiNtollabious, woiilrl lead to a 
oorinin complexity in colostinl charts and globes, which 
won h i luviLo us to tho concli i Hion that tho Uranians 
must ho capKid inathoinaticiiins. Then thoro are 
certain astronoinioal subjects of atudy to which tlieir 
matliciufd ieni jtowers may bo devoted 2)evhnj)8 more 
BuccoHH fully than those of our astronomers. For ex- 
iiunde, tho wide swoop of tho planet’s orbit would 
ontibhi tho Unmiana to recognise a clisplnoomont of tho 
stars in tlui ounrso of tho long Uranian year. The 
star Alpha Ceutauri, which only exhibits to tho ter- 
restrial obsorvor nn annual parallax of one second, 
would oxiubit to tho observer on Uranus a disiilacfl" 
iMont of about tho tliird part of a miuuto. Other stars 
would bo aileotod in like proiiortlon, and perhajis the 
UmninnH may thus be enublcd to form soino oonoeption 
of tluit relation which liltliorto has proved too badling 
ft problem to our astronomers — tho actual con/iguror 
tion of tlio nearer parts of tho sidereal system. Tho 
Neptunlans would of coumo be oven more favourably 
oiroiiinsbinued. 

Olio diflioulty presents itself, howovor, in thus con- 
sldorJng tho prospoots of the Uranian and Nojitiinitin 
ftstronomors. Tho enormous length of tlio your of 
OHoh planofc requires that either tlio nstronoiners in 
Uranus and Neptune should bo very long-lived, or 
that they should bo very enbhirsuistio In tho oauso 
of science, to proseouto singly suoh ohsorvnttons ns 
Henderson) Olbers, or Peters, have singly prosooutod 
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on our earth. An tlrnuinn who made nm?, Bet ol 
obaervaLions to detormine ultdlnr jaunllus when Im wiw, 
say, twenly-livo yearw old, woidtl Imvo lo wail, till ht; 
had nearly reached tlio thrce»(fore yenrit and ten (not 
porlmpB allotted ii« tlic «|tan of Urnniau life) hnfore he 
could make the oorroHiiomliiig wsl, hy eoini«iriiij,{ wideh 
with tho former, Ktellar ittirallnt wn« to bo doliwndniKl. 
In Noptuno life ihukI. lio prnhoijied over the eoiiliiry 
(unloBB tho Btvidy of tilnterviili*>iiiil nstmnoiiiyeommericfi 
during the bnbyhocal of the No|ttunian«), in rsrdor that 
a complete Hok of observnl.lonB for ilelenniidug stellar 
parallax ahould be carried emt, One cnnnwt but con- 
ceive that a oortidn aluggiahneM wordd mark the pro. 
groBB of nBlrouomy In Utuwe fnr.Mtr worlds under mich 
oiroumBtanoes, In facl., tho inoitt eousidemUon that 
after a couBtellatlon iiaa pasBed nway from tho not!- 
turnal sltloB of IfrauuB or Neptune, 30 or 40 ymtre in 
one 0080 and 70 or 80 in tho other must pw before 
tho oonstollatlon again bia^omoB fnvmmddy visible, 
suggoBta clmrnetorisUoB of natmnomioal observation 
altogether dilfcrent IVoin tlioao wo are familiar with. 

Admiral Bmyth BUggesU Ihiit thoso di«UMtl planeyt 
muBk bo oouvenient outposta for watching the ap- 
proach or roooBBion of oomelB j but I vcnttiro to jjoinfc 
out that tho inhnbilantB of tho earth nro on tho whole 
more favourably situated in this rwjjoet. ISvery 
largo oomet which opprcmchea tolorabiy near to tho 
Bun during porlhetlon pamige is as likely to bo smm a« 
to be uuBBcd by tdie InlmbihintB of oarth ; hut eearcely 
one out of a tboumid Kuch mueta wmikl bo loeu 
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from Uranus or Neptune, Bince to be visible a comet 
must approach the sun or recede from him along a 
course passing tolerably near to the particular position 
of either planet at the time i and the changes in the 
case of any individual comet would be enormously 
against such a contingency. 

With eyesight such as ours the Uranians would 
distinctly see Neptune when in ox)position, but the 
Neptnnians would be wholly unable to see Uranus, or 
indeed any known planet of the solai’ system. 

Perhaps, though we have very little evidence on 
the point, it will be thought more reasonable to sup- 
pose that Uranus and Neptune are suns to their re^ 
spootive systems of satellites, than to imagine that 
thcBO two drearily circumstanced planets are them- 
selves inhabited. Their satellites cannot possibly 
oompensato to any noteworthy extent for the small 
amount of solar light or heat which reaches their pri- 
maries* On the other hand, it is not difficult to con- 
ceive that the planets may afford an important supj)ly 
of heat (at any rate) to their dependent orbs. Cer- 
tainly, so far ns the evidence we have extends, Uranus 
and Neptune resemble Saturn and Jupiter too closely 
not to warrant the ai)i)Ucatiou of any arguments de- 
duced from the appearance of the two giant planets to 
the ease of their inferior but still gigantic brethren. 
Viewing the matter thus, wo seem led to the cou- 
olnaion that the planets which lie outside the zone of 
aatoroids are distinguished from those within that belt, 
not merely, as had so long been recognised, by the 
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ttlLribidOB of bIko, tUmally, of rolnl ion, nntl the 

aomphixity of ByelomB eJreliitf* roimd (hoin, boi, hi this 
more import ivvil, nml itmro i«(oi.5>Ung rireimmlftiice, 
tlitil* Uity nud Umir dojitMidoiil itiltB nro n-nl Muiitnluroa 
of tho solar nytilt'm. h'lmr atme Ihoy would mu'm to 
be>| not indood kuiir rosph'iidoiit Uko tlio |>riHtiiry eurt 
round wldoli they (ravol, yot Biving uni ]H)rhn]ij« no 
imtignilkmul:. i<u[i)ily of lighl ; nut lionf<>d to incan- 
dcfimsnco as ho is, Init Btill mipjilying nn nnuuint of 
heal jiroiiorlioniitKly fnr greiilor lltnn ihu quiinliiy of 
light Ihay givts forth i in lino, not, ns ho is to the Innisr 
(ilimots, the solo Boun’o whonee all Rnpplios of foreo 
are derived, but adding tliolr innnonoo to hi« in a 
Variaty of oontpliculod but doubtlosa wcll-urdored com 
binntiong) in euob eort that the ctrnnil worlds which 
circle around them are provided with nil tbnl i» ngeefi* 
nary for the wclbbclng of Uioir iulmbitanti, 



CHAPTER Vin. 

THE MOON AND OTIIEU SATEl.MTEa. 

Ai;rii0U(Hi Ulo moon cannot lio regarded dr ut present 
the abode of any foi’ina of life, onch ob wo are familiar 
with on earth, there avo many reaBone for Btudying in a 
work on other worlds the various relations sho prosonts 
to us. In the first place, she Bubsorves varioua useful 
purposes in tlio economy of our own earth 5 then there 
are oiroumfitmiecB in hor nppoaranco which Buggoet ^ 
that at one time there may have boon life upon her 
Burfuoo j and laatly, bUo alTorda ub the only information 
we have concerning the probable rolationB in'osented 
by the noble Bystome of moona wbioh oirclo around 
Jiipitor and tiro other planots outside the aone of 
UHtoroids. 

With regard to tho prcBout habitability of the 
moon, it may bo rotnnrkod that wo are not justified iu 
aasorting positively that no life oxiafcH upon her Hiirface. 
Ijlfo ImB boon loimd under oonditions so stninge — we 
have boon so often mistaken in aHsuming that hard 
oortainly, or iken'a, no living croat.urea can possibly 
oxiHt““that It would bo mab indued to dogmatise re- 
Hpooting tho state of the moon in this roapoot. 

BtlU, in the ouso of tho moon wo have relations 
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wholly dilTeront in ohaniulor frotn tlioKtj wm Imvo 
hitherto hnd to <!on«ider. We no longer Imvts Ut 
detil with vnritiUH degrees of lietil niitl eold, of iit. 
moflplierio rarity or density, tind the like, hut with 
roltttiouH whiclt do not in the sligldesl degreis reRujiddo 
thoso wo aro fntniliiir with on earth. 

In tho first pluue, the moon hn« no n{)]ireeln 1 )ie nt- 
mnspliore. Wo have long known this unite eertuinly, 
becanao wo boo that when Blnm are oeenltod Ity (lio 
moon tlioy disappenr iiiHlaiitly, wheretiH we know IIub 
would not bo tho case laid (lio moon an at ino«ii!iero 
of npjireoiahlo extent. Ihit if any dmd»l. ifould havo 
romainod, tho ovidonco of tho HpeatniHcope in Mr, 
Ifuggina'a liandB would linve snllicod to roinovts it. 
ITo haa never licon nblo (t> delout a sign of the ex« 
iatenoo of any lunar nttuciBphore, tliougli Mam and 
Jupiter, 80 wuoh farthor from um, Imvo nflVirdtsd din* 
tinob ovidonco rosptsctitig tho aUnospliwra# which enr* 
round thorn, 

Thon Bocondly, thoro are no gena or oeonna on tho 
moon. Wore thoro any largo Lnicta of wnlor, tho 
tromondoua heat to wliioh tho moon k «nbjcoted during 
tho octurao of tho long linmr day (luatiiig n fortnight 
of our tiino) would cortiiinly eauao enorinou# quantiUes 
of water to evaporatoj and not only would tho olTeals 
of thla proooaa bo diatUiotly roeognlaablo la tho tele- 
acopo, but tho apectroacope would exhibit in an un- 
miatakablo manuor tho proaonco of tho aquooua vapour 
thus formad, 

Thirdly, thoro oro no hitior aensona, Tim inellnas 
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tion of the moon’s axis to the orbit in ^Yhioli she travels 
round the sun is nearly 89^ and with this inclination 
there can be no appreciable seasonal changes. 

Fourthly, the enormous length of the lunar day is 
altogether opposed to our conceptions of what is suit- 
able for animal or vegetable life. The lunar day lasts 
about a fortnight, and the lunar night is, of course, 
equally long, Were this all, the inconvenience of 
the arrangement would not bo endurable by beings like 
ourselves. But far more serious consequences must 
result from the combination of the arrangement with 
the want of an atmosphere; for whereas during the 
lunar day the surface of the moon is exposed to 
an inconceivably intense direct heat, undoubtedly 
sufficient to boat that surface far above the boiling 
point, during the lunar night the heat is radiated 
rapidly away into space (no atmosphere checking the 
prooess), and an intensity of cold must prevail of which 
we can form but imperfect conceptions.^ 

The mere fact that our earth is always invisible from 

* The moon’s physical habitudes arc in fact so very different 
from those of tlio oarth that ono cannot road without astonishment 
fcho following passage in which Sir W. Horsohol pleads for the 
moon’s habitability. * Its situation, with respoot to tho sun,' he 
Bays, ' la muoli like that of tho earth, and by a rotation on its axis 
it on joys an agreeable varloty of soasona (I) and of day and night. 
To Uio moon, our globo will appear to bo a very capital satGlllte, 
undergoing the eamo roguhir ohangos of JUunainatlou aa fcho moon 
does to tho earth, Tho eiiu, tho plaueia, and tho starry constella- 
tions of tlio hoavons will aiao and sot fchoro aa tliey do hero, and 
heavy bod tea will Ml on tho moon os they do on the earth. Thsr 6 
Ciihj to ho wanUftrfft in order to coiiijdele tho analogy^ that it 
tImM he inhabitctl like earths* Tho ovldoaco, however, seems to 
mo to lio all the other way, 
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three-seven tlia of the mTOn’s surface is one wliid'' 
points very strongly to the conclusion that tho presenfc 
condition of the moon is not the one best calculated to 
meet the wants of living creatures on her surface. I*' 
long-past ages, when lier rotation had not yob Iseon 
forced into accordance with her revolution* (as ftt 
present), tho earth must have subserved a variety of 
most important purposes. If water • then existed on 
the surface of tho moon, tho earth must have mi sod 
tidal waves in the lunar oceans. She must further liav© 
lefleoted enormous supplies of light and heat towards 
her dependent orb, oven if at that time she were wofc 
a secondary sun for the lunarians. She must Ixavo 
travelled across the lunar skies as the moon ti'invols .■ 
over ours, presenting a variety of interesting and beaxi- 
tiful phases, affording useful time-measures, and 80 
enabling the travellers on tho moon in those long-pnat 
ages to guide their course in safety over her ocoo-n b or . 
her deserts. But now she is invisible from a 




■ 


^ Xho Tosoarohos oD Adfims Into tho pooullarity oi? tho moon'm 
motion called hor noooloratlon, suflloo to ahow that midor tho Ut* 
duenoo of the moon’s atttnotloii on onr oceans, tho earth’s robollocx 
Is gradually dlmliiishlngj so that, though many millions ot 
must olapao first, slio will ono day so rotate as to keep alwayct tlio 
sumofaoo iurnod towards horsaloUUo, Wo cannot doubt that li' 
has boon by a process oC this sort that tho moon’s rotation hufi 1>00£I 
brought to its prosont rato, In faob, ludopondonUy of tho ovlcloii<N^ 
affof^od by tho earth’s gradual loss of rotation, wo cannot acoouidit'^ 
for tlio moon’s pooullarity of roMon without regarding it ns ct Ml : 

tho earth’s oou trolling laduonoo, A porfootly homogcnoo\is ' 

started on a dlroot lino at tho moon’s dlstanoo, and with tho BaiticD : 
Yolooity, would travel without rotation on an orbit like tho ^ 

and would thus In completing a revolution exhibit oveiT pnrt oC iiii^ ' 
surfoco to UH. , ; 
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portion of the moon’s surface, and almost a fixture in 
the sides even of those parts of the moon whence she 
can be seen. Wore there lunar oceans, she could raise 
no tides in them. Were there a lunar atmosxfiiere, she 
could shed no heat, to bo garnered up, so to speak, by 
that atmosphere, and to compensate, in some sort, for 
the long absence of the sun. 

But have we evidence that at some far-distant 
epoch the moon was inhabited? Taking for our 
guidance the analogies which are available to us, can 
we really conclude that once, in all probability, those 
barren wastes were clothed with vegetation, those 
droaiy solitudes the abode of life ? 

When wo contemplate with attention the lunar 
surface, oonsidering the indications it presents of past 
aotivities, wo are led to inquire how the forces which 
have been so husily at work wore expended. If 
Nature, studied thoughtfully, teaches us the lesson 
that there is no form of force which is not the repre- 
sentative of some other pre-acting form of force, she 
also teaches us that no form of force over works with- 
out generating other forces as its own energies are 
expended. Tlie meteor which sweeps with planetary 
velocity through spaoo may bo brought to rest upon 
the sun, but the energy stored up in its motions is not 
wasted j the sun may expend the stores of force he 
derives from moteorio impact, but not idly ; ' all 

' I'bo quoBtioii may bo nokocl, ’What booomos ot tho ImmDnMi 
BvippUoB o£ Ugbb and lioaU continually ponrod by Iho sun and ptUot; 
Btatg into Bpnoo ! Wo oarinot tollj y«t wo know oortalnly thafe 
they cannot bo wasted. I'ho boat ot Aroturus, mcnaured by 
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round us we see the fruits of solar energies, wo feel 
them wifchiu ourselves, we exert them upon others* 
And therefore when we see on the moon signs that 
her surface was at one time iipheavod by tremendous 
Yolcanio forces, we are led to the conclusion that 


between the era when she was thus disturbed, and tho 
present time, when she seems absolutely quiescout^ 
there must have been a period when her energies were 
fit for sustaining various forms of life j though it dooa 
not follow, of course, that they were so employed, 
There Aos, in this instance, been a jn^ocess resemblirig 
exhaustion, though we know that the forms of forco 
which have passed away from the moon have not 
really ceased to exist; but before the lunar forces 
were dissipated into space, they may have subsorvod 
the purpose of supporting life. 

Associated, however, with this subject, there are 

stone, gives an aooount ol one large portion of tlio stollor lioat 
supplies, because we know that, small as tlm amount wo rcootvo 
may be, wo must multiply that amount mUlions on mllllona of 
■ times to get tho total rccolvod by aU tho orbs In spaco from UjU 
(H^loular sun* But wo know that a largo portion of our e-uti'B 
light and boat must either fall to fall on any othor orbs, or must 
be gradually exhausted in its progross through space (for If llaos : 
from the sun In every dirootlon onooiintorod orbs, tho sky oug:lib to ' ' 
bo’ lighted up at all times with star-splondour— whloh la no otlior : 
than 6un-splendour), In cither cuso wo cannot loll what booomoB 
of the portion seemingly wasted; though in tho latter cuso wo nrjiiy '' 
afflim confidently that Uioro is simply a olmngo in tho naburo dij j 
the, energy, In both oases wo know that tho total of energy In 
universe remains undimlnishod, Thoro is, indood, a aoeming con'^ 
tradiotionhere; but it is not dlfforont in olmraotor from tho aoom- 
Ing contradictions suggested by tho consideration of Infinite apneo 

time, which yot wo arc oompoUod to rocognlao ewf 
abtolutely as finite space or finite time. 
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qii(!«tionB of n porploxiiig ohamotor, wliioh invito our 
careful cimHiilemtion. If lifoover oxinted on tlioiuoou, 
bIvo uiuafc hnvo poBKeMBod an atmoHphoro and hohh. In- 
tlopendenllyj nlHo, of onr views on tlio Hubjoct of life 
u]mn tlio moon, wo iiro led by the revelations of tlie 
Hpc<!l.roHeoi)o resportiug tbo solar systom, to beliovo 
that all the IxKlies within that systein are in a gouoral 
Bcnao Bimihii’ly consi itiited j and if tliis bo so, there 
must, once have been oceans and air upon tho moon. 
AVluit has btsjomo of the moon’s atmospherio ouvolope, 
and of tho lunar oceans ? 

In four Hoveral ways this (piestion luia been an- 
awerod, Homo have thought that tho ooeaus and air 
have boon withdrawn into cavitiea within tho moon's 
substance. Others liuvo imagined that tho air and 
oouans may have pnHsed away to tho farther hoini- 
Bphero of tho moon, According to a third theory, a 
comet has carried off tlio hmnv oceans and atmosphero. 
And lastly, a fourth theory has btjou maintained, 
according to which tho lunar air, and d furtion tho 
lunar seas, have boon oliaitged by intensity of cold 
into tho solid form. 

Of tlicBo thoories, tho first and last only seom 
worthy of considoratiou. Wo soo bo much of tho 
moon's farther hoinisphoro during her librations that 
vro must porforco rojoct tho second, ovon if wo had 
any trustwort by roiwon for beliovlng ro strango nn 
arrangement to bo possiblo.' The third tlmory 1b 

' ProtoBOar Kowcutub, of Amorionj hns sboivn oxcolloiit roosouii 
(or doubUiig wliothoc ovon tihulidliplnooinoui. of Iba moon'H oontiru of 
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oppoaed by all that modern aabronomy bcnftboa re- 
apoofcing the couatitubion of cornels. 

The theory that an al.nii;i»[tlioro formerly Hiirromnl- 
ing the moon has pasBctl witli tlio linmr vuTtins inlo lluf 
interior of our salellite has been suppitiied by pl»y«i. 
cista of oonaidemblo mnineitco. The relatively low 
apeoiflo gravity of tho moon (libblo more than half the 
earth’s) anggoaba tho poBMiliiliby Umt cavilloH largo 
enough to oontain even all tho walora of our own 
ooeans may oxisb within the moon. Nor cIooh the fnel 
that wo can aeo no unmiKtakablo nigrio of ehaains 
extending deep into tho moon’M Rubatatico Riiflioo to 


render the theory imteualilo, or even im|irfll»ablo. It 
iH diflicult to undcratand how the retreat of Ihti waters 
took place. Certainly It cannot have happened while 
tho moon's volcanic forces wore in vigorous actions 
yet a period must undoubtedly have iirrlved when by 
little end little tho watera could reUro within the 


moon’s aubstanco without boing vajmrlsed. From 
what wo know of volcanic notion on tho wLh, the 
lunar voloanoos must have drawn frash supplios of 
energy from tho gradunl influx of water } and one can 
thus uudoratancl why the aspect of (;ho moon indientes 
that up to tho last momonti bo to spenki of her exist** 

oflUbMiod fnoti. Indopontlontly of UiU, hnworar, the theary will 

ot tho wooa (In n p ano paslog; through tho earth), and emlmrour 
ovon poslUon to an nlnosphoro ot roedorolM extent that 

oven during tl 0 moou’B extrome llbrnkloas ao signs of the lumu* 

ftXvii uS«ssr“’ ■“ 
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ence aa a world, tho forces upheaving her crust were 
busily at worlc. We can thus see how it haa come to 
pass that tlio moon’s surface shows so few signs of the 
action of rain or running water. 

The theory that the lunar oceans have become 
frozen, and that afterwards even the gases forming the 
lunar atmosphere have become solidified, was main- 
tained by Buffon and Bailly in tlie last century, and 
has been supported by several astronomers in our own 
day, In some respeots, the aspect of the moon 
(especially the absence of well-marked colours from 
bor surface) seems to favour the theory. Nor need 
the oxcesoive heat to which the moon’s surface is 
exposed for wooks at a time, bo considered a sufficient 
reason for rojooting it, becanso we have no means of 
judging how that heat would act whore there is no 
atmosphere to prevent its immediate and entire reflec- 
tion into space. Wo know that despite the intense 
heat which is poured upon the summits of the Himtw 
layas, tlio snow there — though a portion may molt 
during the day — remains year after year and ago after 
age undiininlshod } and on the summit of tho Hima- 
layas the atinoaphero is dense and heavy oomimred 
with that whlcli exists oven in tho lowest abysms of 
tlm lunar invines. But tho results whloh have been 
deduced from the application of Lord Robbc’s throe-feet 
luirror to tho measurement of the lunar heat, oompol 
us to abandon tho belief in tho existence of frozen 
oxygon or nitrogen on the moon’s surfaoo, since, ao- 
oordlng to those rosalts, a large proportion of the 



176 OTllBS WO&LDS TUAN OXIRS, 

moon’s heat is radiant — in other words, the moon’s aiiv- 
face has been actually raised to a high degree of heah \>y 
the solar rays. Most physicists look with considerable 
confidence on the method by which, in the reseai'oliieB 
made at Parsonstown, an attempt has been made to cUb- 
tinguish between the heat which the moon reflects and 
that which she radiates into space. 

On the whole, therefore, the former theory seotna 
to have the strongest evidence in its favour, or rather 
the least decisive evidence against it. 

In considering the systems of bodies which oirol O 
around the outer planets, we are struck at once by 
several marked circumstances of contrast betweon 
their condition and that of our own moon. 

In the first place, we have no satisfactory evidonoo 
that the satellites of Jupiter and Saturn turn nlwiiyB 
the same face towards their primary. It is true that 
Sir William Herschel was led by certain observahlons 
of the satellites of Jupiter to conclude that this role.*” 
tion holds in their case. But we have far stroujofor 
evidence against such a view, in the fact that modom 
observers armed with telescopes of the most oxcjuisibo 
defining powers have not only been unable to con dr in 
the rolaUvely rough observations made by Herschel, but 
have noticed peculiarities of appearance only explic- 
able by the theory that the rotation of the satellites ia 
quite independent of their motion of revolution around 
Jupiter. Dawes, for instanoe, has observed that the 
markings seen on the third satellite, when transiting 
.Tupiter’s disc, are variable. Bond has seen this 8atel-> 
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Hto tiH n \vell-(Uilin(>(l liluc-k spot, on certain occaHious, 
while on oHusra it has appeiirod quite bright on the 
cHho of Uio planet. Ho onco siiw thia antellito bright 
iva it (inieroil on tho (lino of Jupiter, anti about half an 
hour later as a <lai'k apot ; while Mr, Prince, witl\ a 
powerful ro(kH!l,er, Ima aeon tlio aatollito dark first and 
aiterwarda bright. It need hardly bo said, that if tho 
satellite turned always tho savno face towards its pri- 
mary no Buoh varieties of appoaranco would bo pro- 
S(!uled during transit. Tho following passage from 
Welrh’s ‘ Ooloatial Objeota’ points strongly also to the 
conclusion that tho rotation of tho Jovian satollitos 
must ho indopendmit of tlioir revolution. After men- 
tioning that tlm variable light of tho satellites may bo 
caused by tho oxistonce of spots upon thoir surface, Uo 
procoodsj ‘A stranger sourco of anomaly Ims boon 
perooived— -tho distis thoinsolvos do not always appear 
of tho samo siso or form. Maraldi noticed tho former 
fact in 1707, Horsohol nlnoty years afterwards infur- 
ring also tho latter, and both have sinoo boon con- 
firmed. Boor and Miidler, Lnssoll and Seoold, Imvo 
BomotimoH soon tho disc of tho second satollito larger 
than that of tho first} and liOBsoll, and Socchi and his 
assistant have distinctly soon that of tho third satollito 
irregular and olliptical ; while, acoording to the lloinmi 
observers, tho ellipse does not always lio tho samo way,’ 
It will easily bo seon that those poonliaritios in- 
dloiito tho existonoo of dark markings on those bodies, 
and that, as tlio satollitos rotate, tho varying position 
of those rtmrltingfl oausos i;ho satollitoa seomlngly to 

N 
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olmtiga in figiu'o hIiicio the briglitor parli of llio siitolliUi 
wonltl ho that which would detormino il« npjnirpnt 
flgui’o. And further, Hinco tlio ohntigo of flgiiro »«luiw« 
no correBpondouco witli tlio poHilion of the witcIlitcH in 
their revolution, wo infer Mint their rcvolulioit in in- 
dopondont of their rolntion. 

It 18 Avoi'thy of iiotieo, however, that even if the 
inner Batoliitea turned idwaya the Nairie fnc?e tow/irti* 
thoir primary, the poeuliarity wonhl nol, (aw in (lie eajfo 
of our moon) result in an inordinuto lenglliejiing of 
their diurnal period, sincn Jupiter’s two inner wilellile* 
oompleto n rovoliition In 1 day 18ijr lioura, mul 3 
days IS hours respoctlvoly j while tlio rovolutioria of 
Saturn’s five Inner BatellitoB are sovomlly ncaoiriplifihed 
In 22^ hours, 1 day 0 hours, 1 day 21 hours, 2 days 
18 hours, mid <1 days 12^ hours. 

So far as we can judge from Laplnoo’s esUinates, 
the apociflo gravity of Jupiter’s moons must be very 
small, ranging from ono-tliird to two-thlrds of the 
moon’s speoKlo gravity. But very little reUntico 
can bo placed on these results, booauso the only 
evidence we have rospeoting the inass of the satellites 
is that founded on the perturbations to wlvloh tliolr 
motions are suhjootod, and it is very diffloiilfc indeed 
to estimate those perturbations. When to this wo add 
bho oironmstanoe that little relionoa can bo plaoed on 
moasuroments of the minute diso presontodl by the 
satolHtos, it will bo soon that our estimate of the 
spoolflo gravibios of these bodies cannot by any means 
bo regarded' ns tyiutwortUy. 
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As seen from his Batellites, Jripiter nrasb present 
a magnificent scone. To the inliahitants, if such there 
nre, of the innermost satellite, ho exhibits a disc nearly 
twenty degrees in diameter. Tims, whereas there 
might be about 700 moons auoh as onrs placed all 
round our horizon, the disc of Jupiter, as seen from 
the inner satellite, would occupy a full eighteenth part 
of the horizon’s circumference. The diso of Jupiter, 
ns so seoii, would cover a apace oh the heavens ex- 
ceeding more than 1,400 times that which our moon 
covers. To the second satellite, Jupiter presents .a 
diso about 12^ degrees in diameter, or about 600 times 
ns large as our moon’s. To the third satellite he shows 
n diso about degrees in diameter, or more than 200 
times the size of the moon’s. And lastly, the in- 
habitants oven of the furthermost satellite see him with 
a diameter of about 4^ degrees— that is, with a diso 
more than 6£i times as largo as that of ' our moon. So 
that, if the views I have put forward rospeoting Jupiter 
bo oorreot, the enormous space he covers on tho skies 
of his rospootivo satellites must suffice to compensate 
in part for the relatively small amount of heat which 
ho can be supposed capable of omitting. 

If tho satellites rotato with a motion in dependent of 
their revolution, Jupiter passes across their skies like 
a vast moon, exhibiting phases such ns those presented 
by ours, but on a far vaster scale. But besides his 
phases, he must exhibit, to the inhabitants of his satel- 
lites the most marvellous iiloturo that can be conceived, 
His bolts’ ohang 68 of flgare and colour, only rendered 
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vi&ible to our astronomerB by powerful telescopic 
must be distinctly visible to creatures on his satelHteSi 
and cannot but afford reasoning beings on those 
a most astounding theme for study and admiration* 

To the inhabitants of the satellites whieb olrclo 
round Saturn, the ringed planet must present an oven 
more interesting spectacle. His disc as seen frorrx t;lio 
nearest of his satellites has a diameter of 17 degreOB 
and an apparent surface exceeding more than OOO 
times that of the moon. From the farthest satellito 
his disc is less than a degree in diameter, and bhereforG 
not quite four times as large as our moon^s. Bet'svean 
these limits the apparent size of Saturn varies a a vfO 
pass from satellite to satellite; bub from the 
satellite his apparent surface is twenty-five times, wliilc 
ftom the seventh it is sixteen times as large aa tBc 
moon's ; so that the outer satellite is quite exoei:)- 
tionally circumstanced in this respect* 

It is not so much from the apparent size of hia disc, 
however (though in the case of all the inner satellites 
that must be a most remarkable relation), as from tbo 
peculiar character of his ring-system, that Saturn would 
derive his chief interest. It is true that the inn or 
satellites travel nearly in the plane of the rings, so tbafc 
these are always presented nearly edgewise. But oven 
so viewed, the rings would present a most striking^ ai> 
pearance, Frpm the inner satellite, indeed, the extroino 
span of the ring-system is more than 90 degreeB ; ^ ao 

^ About 98® acoordlng to the best estimates of tbe dimonsion* 
of the rings aud the distauoe, of the satellite. 
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tliab whea one extremity is seen, on the horizon the 
Bystem would appear as an arch thickest in the middle, 
extending over an arc of about 93 degrees, and having 
the disc of Saturn at its centre. When the whole of 
this arch is illuminated, Saturn is ‘ full’ 5 at other times 
he presents all the phases shown by oim moon, and 
the arch of light is correspondingly shortened. Saturn 
‘full’ and in the zenith, with the ring-system de- 
pendent on either side of his disc, must bo a glorious 
spectacle as seen from certain regions of his innermost 
satellite. The display would diminish in grandeur, 
though not perhaps in interest, os seen from satellites 
farther and farther away. But the inhabitants of the 
outermost satellite of all have the privilege of seeing 
the Saturnian ring-system opened out much more fully 
than as seen from the other satellites, since the path of . 
this moon is inclined some 16 degrees to the plane of 
the ring. 

Of the satellites of Uranus and Neptune little can 
be said, because so little is known either respecting 
these orbs themselves or their primaries. It seems 
clear that Sir William Herschel was mistaken as re- 
spects four of the satellites of Uranus he supposed he 
had detected. Uranus has but four known satellites 
and Neptune only one. Possibly other Uranian satel- 
lites may one day be discovered, and Neptune also 
may possibly have several satellites circling around 
him. But only the five bodies above-mentioned are at 
present known. 
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CHAl'Tl'Ul IX. 

METE0I18 AND COMETH} TJIEm Ol'EJOJC IN THE SOLAU 
BVBTEM. 

Tuerk are fow more intoroBtlng oluiiilorH in tlm history 
of iiatronoiny than tlint whUsh deiilH with thu gradual 
iulroduotion of moteore inlo an iuiportMiifc yoaitioJi in 
tho economy of the solar eyatem. Itegardod for a long 
littje as simply atmosphorlo phonomoua (though raimy 
ancient philoaophors hold onolhcr opinion), it him only 
been nftoi’ a long and peralstout sorieB of reBcarchea 
that they have oorao at length to bo regiu-dcd in their 
true light. But though tho history of those voaonrohos 
1 h not only full of interoat, but highly inHlructivo 
and onoouraging, this is not the pkco for mitoring at 
loijgth into its dotnils. I must present fnotH nud oon- 
oluslons, rather than the uorrativo of obaorvatlans or 
oaloulattonB by which those faels and oonolualons hnve 
boon ostabllshed. Nay, it would soom at first sight ua 
though oven the nature of iiiotoora ooidd have very 
little to do with the suljootof this treatise, eiaoe wo 
cannot suppose those small bodies to ho Inhahltod 
worlds. It will bo found, however, that, though this 
Is certainly true, there ore reasons for bolfovlng tlml 
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tnoteoxa are associated in a very intimate manner with, 
the general relations of the family of worlds forming 
the solar system. 

Under tlio head ^ Meteors ’ I include all those objects 
whioli reach the earth’s atmosphere from without, 
whether they actually make their way to her surface 
unbroken, like the aerolites; or explode into small frag- 
ments, as bolides and fireballs have been observed to 
do ; or are apparently consumed in traversing the upper 
rGgions of the air, as happens with shooting or falling 
stars. All these objects, wo now know, represent in 
reality bodies of greater or less size, which, before 
their cnconntoi: with the earth, were travelling around 
the sun in orbits of greater or less eccentricity. The 
lai’gor masses, though they must be very numerous 
(or our eai'th would not once in many ages encounter 
any of thorn), are yet relatively few in number as com- 
pared with fireballs, and still more so in comparison 
with shooting stars. It has been calculated, indeed, 
that theso last are so numerous that the earth, in passing 
through a region of space equal to her own dimensions, 
must encounter no less than 18,000 of them; while of 
yet smaller bodies, whoso passage through oar air would 
only bo reoognisiible by telescopic aid, she is supposed 
to ouoounter as many as 40,000 within a similar sx)ace. 
Without laying great stress on these calculations, we 
ihay yet feel quite sure that the earth must encounter 
enormous numbers of theso bodies, from the mere fact 
that, though at any fixed station but a minute slice (so 
to speak) of the earth’s atmosphere is within view, and 
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even but a portion only of that slice visible to a single 
observer, six or fieven falling stars on the average natvy 
bo seen during each hour of the night. 

It will be seen, then, that a problem of the utmost 
importance was involved in the question whether thioso 
bodies came from the interplanetary spaces, or 
the region of space over which the earth’s own attrac- 
tive energies prevail. Now that we know the former 
view to be the true one, we recognise the fact tliafc, 
though each meteor may be individually iusignificixn t> 
the meteors of the solar system, looked on as a single 
family, form a highly interesting and important poi^tion 
of the 8un*s domain* 

But now a yet more significant relation has to be 
considered. Regarding meteors as ^planetary boriioBj 
they might yet be relatively unimportant, if we bad 
any reason to believe that they form a sort of zono or 
belt near the earth’s orbit, resembling in a sense the 
asteroidal zone, only composed of for smaller consti- 
tuent bodies. We could not then infer from the numb or 
of meteors encountered in a given time by the earth, 
tbe largeness of the total number of these bodies ; for 
lb might well be that this zone had no counterpart, 
either in the outer part of the planetary system oi' 
within the orbit of the earth. What has actually been 
discovered, however, respecting the paths along wliioh 
the meteoric bodies have reached the earth, immensely 
enhances the importance of these objects. 

It has been proved, on evidence perfectly incon to st- 
able, that two well-marked meteoric systems travel in 
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orbits of onormous eccentricity. The August meteors 
travel on a path so eccentric that in the neighbourhood 
of the earth’s orbit it may be regarded as almost para- 
bolic in figure. That it is not absolutely parabolic is 
shown, of course, by the fact that a period has been 
assigned to the revolution of the members of the gone. 
No observations have indeed been made by which as- 
tronomers could determine the orbit of these meteors, 
since for this purpose an exact determination of the 
velocity with which they enter the earth’s atmosphere 
would be requisite, while the observations actually 
made to determine then velocity are confessedly in- 
exact* But an association, altogether too close to be 
regarded as accidental, has been discovered between 
their orbit and that of a bright comet which appeared 
in 1802, and this, combined with what has since been 
established respecting the relations between comets and 
meteors, enables astronomers to adoi>t quite confidently 
the orbit of the comet as that of the meteoric system. 
Now a period of 146 years implies, according to Kepler’s 
law, an orbit having a mean distance neai'ly equal to 
that of Neptune* And since the orbit is so eccentric 
as to bring these bodies close to the earth when they 
are near perihelion, it follows that their ai^helion 
distance must exceed their mean distance in the same 
degree* Hence the aphelion point of the August 
meteors must lie nearly twice as far away from us as 
the orbit of Neptune, 

The November meteors have been shown in like 
maimer to travel in a period of 33J yeai’s around the 
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BT11I5 the aphelion of their orbit lying far beyond tX\o 
path of Uranus* 

So far, then, as we can judge from the only t-'WO 
meteoric systems whose orbits^ can be said to 
been satisfactorily determined (though there are 
other systems which have been associated with known 
comets), we ore led to the conclusion that the meteox*xo 
orbits are for the most part eceentiic. We krioW> 
further, that they are inclined in all directions to tXxo 
plane in which the earth tiavels, because we see 
their constituent bodies fall upon the earth in dii" mo- 
tions which shows no tendency to near coincidence “wxtli 
the ecliptic. 

These two circumstances are full of meaning. 
the meteors travelled in nearly circular orbits a-t u 
mean distance nearly equal to the eartVs mean clia- 
tan ce from the sun, then the earth would be cerfcaixi to 
encounter meteors in the course of her orbital motion 
round the sun* Again, if the meteors travelled 
ocoenfcrio orbits, whose perihelia lay within the ear tlx* a 
orbit, and if these orbits all lay in or near the platro of 
the earth’s path, the earth could not fail to eucouxxtor 
meteors as she travelled round the sun. But under tlio 
actual olroumstanoes — ^tho mean distances of the 
teorio orbits being in no way associated with the eai'tli’'» 
mean distance^ and the inclination of these orbits to fclao 
ecliptic not being in any Avay limited— the two quesbiojxfl 
are at once suggested, (1) What is the A priori cliaTXc a 
that the earth .wohld , encounter the members of., ixtiy 
meteoric system taken atrandom ? aia^,:(2)jlf this clxtxxiLca 
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be small, what ie the conclusion to be drawn from the 
Fact that the earth encounters meteors belonging to 
many systems ? the number already recognised being 
ueoi'ly sixty* Assigning elements at random to a 
mote or system, wo see that, unless the resulting orbit 
Fiotiuilly coincides with the plane of the ecliptic (a 
rolation which would not happen in a million trials), the 
orbit will iutorseot that plane in two points, lying on 
a etraiglib line through the sun* And for the earth to 
encounter members of the meteoric system, it is requi- 
Hito that one or other of these two points shall lie close 
to the earth’s orbit* But these points may have any 
position whatever in the plane of the ecliptic, and the 
chance that one of them has the requisite position may 
be regarded as indefinitely small* It follows, then, 
that the & chance of the eai’th’s encountering the 
rnombera of a meteoric system is indefinitely small; 
and honco we conclude that the number of meteoric 
By stem 8 of which she passes wholly clear is .indefinitely 
groat, in comparison with the number whose members 
ahe encounters. But she actually encounters meteors 
beloiigiiig to inore than four hundred systems* Hence 
the total number of meteoric aystems belonging to the 
planetary scheme must be an indefinitely large number 
of hundreds — or in other words, it must be enormously 
beyond our powers of conception, 
i :i This being so, it behoves us to inquire, first of 
all, what extent we must assign to individual meteoric 
systeina, and how densely we may suppose meteoric 
maasea to be Btrown along each system ; and secondly, 
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what may be the nature, quality, and substanoo 
these meteoric masses. For we begin to see that Wes' 
are in the presence of relations which may — or 
should rather say which must — affect most imporlmit ly 
the economy of the solar system, 

Now we have aeon something already of the loii|^**‘ 
tudinal extent of meteoric systems, since that extr» i » ^ 
corresponds to the circumference of meteoric orliit *»» 
and wo have seen that these orbits have enormotA** 
dimensions. We may indeed suppose that in 
cases the whole extent of an orbit is not occupied V»y 
moteorio masses at any one instant t but even wlio>*» 
as in the case of the November meteors, tbo a^luvt*^l 
displays wax and wane in sidendour, there is no absolut tA 
cessation in the occurrence of star-falls on the date ut»r— 
responding to snch a system. And taking full aocouwl. 
even of the marked diminution which actually oooui*** 
we tu'o yet compelled to assign an enormous loug[i- 
tudlnal extent to that portion of the system whhjii lia** 
been poetically termed ‘ the gem of the metoor-riim'. * 
For example, in the November meteor systoin, tliiia 
portion of the mng cannot bo loss than 1,000,000,000 
miles in length. As to the width of a meteor syateiii 
that is, its extent in a direction measured in the pdiUKS 
of its orbit— we haveno satisfactory information, bacaui»<s 
a meteor system may extend enormously on either wldei 
of the point through which the eoi'th’s orbit intersoofcB 
it, and yet no trace of that extension bo rooogniwBicl 
by observers on the earth. Still we may oonokadlia 
that this dimension lies in extent somewhere betw«8«Mi 
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the longitudinal extension of the system and the depth 
of the meteor zone — that is, the length of a line taken 
through it, square to the plane in which it lies. Now 
of this last dimension wo can form a tolerably accurate 
estimate in many instances, We know that so long ns 
meteors belonging to any system are flashing into view, 
our earth is still plunging through the system ; and if 
we know the position of the system, we can determine 
its depth in this way, just as wo could determine the 
breadth of a range of hills if wo noticed the time oc- 
cupied by a train, travelling with known velocity, in 
passing through a tunnel which traversed the range of 
hills in a knoAvn direction, Judged in this way, the 
depth of the November meteor zone would seem to be 
100,000 miles in the part traversed by the earth in 
1866, about 60,000 miles in the part traversed in 
ISO?, and consiclcvably greater (though the zone was 
more sparsely strewn with meteors) where the earth 
crossed the systom in 1868, 1869, and 1870. 

Noav as regards the density with which meteors are 
strown in any known system, I must remark on a 
mistake whioh has been sometimes made. It has not 
been thought necessary to consider the velocity with 
which the meteors tliemselvos travel, as avoU as the 
earth’s velocity, in order to determine from the average 
interval of time separating the appearance of successive 
meteors the average distance separating neighbouring 
meteors from each other. This, however, is an erro- 
neous mode of dealing Avith the problem, We must 
consider the meteoric velooity, since the meteoric 
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motions manifestly tend to affect the total mimber ^ 
encounters.' Lot iis apply this consideration to oM"* 
able ns to form a rough estimate of the number of 
bodies in the richer part of the November mefcoor 
system. We may fairly assume that, taking blio 
average of the four displays of the years 1866-00* 
the earth encountered more than one meteor 
minute as she swept onwards through the systena } 
or, conveniently for our purpose, that an averagro 
distance of 1,000 miles separates meteor from meteor 
throughout the ‘gem of the ring.’ Now the length of 
the great cluster is at least 1,000,000,000 miles, 
thickness may bo fairly assumed as averaging 100,000 
miles, and its width can hardly bo less than ten times 
its thickness, since the forces acting on the Bysbeiiri 
tend much more largely to affect its width than i ts 
thickness. Thus, with the assumed average of dis- 
tance (1,000 miles), we find that the cluster cannot' 
contain loss than (1,000,000 x 100 x 1,000) or one 
hundred thousand million motoors I 

Prof. Alexander Horsohel, from observations of 
the amount of light given out by these bodies, and a 
calculation founded on the velocity with which tlioy 
penetrate our atmosphere, has come to the conolusion 

^ Obviously fcho total numbor of raotoors onoountorG^ clurlti|^ 
tho cattVfl passfij^p through a meteor stream will be the nnml>or 
oontalnc^ In a pyllndrloiil space having a oross-sootlon equal to t-lid 
oar th’Sj and travorsing tho moloor stream from side to side* T ho 
motion of blm motoors will affoot the partioula^ sot of motoor« 
aotuaUy found within tho earth traverses it» and will 

also alfeoti their numbori assuming i\ gonor«d uniformity of moUjo^lo 
(llslrlbatJou, 
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tlint they miiHfc, for tl\e most imrt, bo very small, 
mroly, perhaps, exceeding a few ounces in weight. 
We shall certainly not exaggerate their weight if we 
assign one-hundredth part of an ounce to each. We 
thus obtain for the weight of the whole clnster one 
thousand millions of . ounces, or about 28,000 tons. 
The actual weight of the November meteor system 
oannot however but enormously exceed this amount j 
and therefore wo recognise how erroneous that opinion 
is which an eminent astronomer has expressed, who 
assorted that the united weight of all the bodies 
other than planets in the solar system must be es- 
timated rather by poiiuds than by tons. Wo have 
certainly no reason for thinking that the November 
system,- though one of the most important encountered 
by the earth, is exceptionally important in the solar 
system. On the contrary, we have every reason which 
the laws of probability can afford us for believing that 
there must be millions of systems equally or more ex- 
tensive. . And further, the fall of enormous masses, 
inany tons sometimes in weight, upon the earth, 
would point to the conclusion that the members of 
the November system are exceptionally insignificant 
as regards their individual dimensions. So that we 
seem forced to the conclusion that the aggregate 
weight of the various meteoric systems oiroulating 
avoimd tho sun must be estimated by billions of tons 
rather than by any of our ordinary units. 

I have already referred to the relation which has 
been detcoted between comets and meteor systems. 
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Perplexing an kho rotnlion ftppeiirH, ib hnn been 
bliBhcd on evidoneo wlilch cimnnb retiRoniibly Im fits** 
putedi It cftrrioH with it roKulta of extroino inlt*r*?^t 
and impoi'tanofl. 

I do not propoflo boro to oiitor into any 
don of tboHO tmormonHly dilflcult quoatioim wbit-Ii r*’*'*^^ 
snggoatod by tbo wtndy of (‘oniotio idusnomoniu 'riJftt 
they will bufnvo very long vocoive tboir wilulioit t 
coiifldeiiUy believe } but in tlio proHont rIiiIo tjf our 
Icnowledgo it would indeoil bo linmrdona to Hpecnlf*.* <* 
as to wlmt that Molution may be. I may ronutrbt, i « 
pausing, tlmt wbilo I recogniso in reconlly pTOrwtil” 
gated thoories on the Bubjeet llio indiwition of n 
lilglily Biiggostivo and proiniHing lino of roHmroh* I 
oannot but feol that cometlo phonoinona are far t«Ki 
ooinplioatcd to bo dtreetly aocoimtod for in any of 
wnyB pointed out of lato by phyBicistB, Botno of tlxe 
more obvioua, and, I may add, tlio more gc!rmr8«.l !y 
known pbonomonn, do indood appear to rooeJvtBk n 
solution when examined under tho liglrt of immiil 
reaoarobea, but numbern of otborB not only remaklii 
unaccounted for, but Btand apparently altogisLltcfr 
opposed bo suggoBtod tlicorioa, 

For my proBont purpoao, however, tho fnotii io laa 
principally noticed nre in a sonBo independent of liny 
views wldoh may bo formed roupeoting tho naturiia' of 
ooinoba. Wo know that thodiinonBiouB of thoBO 
are in many ousob onormous, Wo know, fiirtlmr, t-liab 
thoro muBt bo many thouBands of comota roiimiritxijg 


undiBoovered, for eaoh that our OBtronomera 
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detected I And, lastly, we are led to recognise the 
ohserv^ed association between certain meteor systems 
and certain comets as indicative of a general law by 
whioli, in some way as yet unexplained, comets and 
meteors are associated together. Thus, independently 
of the considerations already adduced, we are led to 
the conclusion that meteor systems must be very nu- 
merous ; while from the fact that a meteor system so 
important as the November stream is associated with a 
comet so insignificant as TompeVa, we conclude that 
those magnificent comets which have blazed in our 
sides — a source at once of wonder and perplexity to 
the astronomer — must be associated with systems of 
bodies incaloxdably more important than the meteor 
system which has so often filled the heavens with 
falling stars* 

Combining all these results, we seem fairly led to 
the conclusion that purposes of importance in the 
economy of the solar system are probably subserved 
by these uncounted thousands of meteoric streams. 
If, indeed, we could suppose that the planets steered 
clear of them, and that the bodies oomposing them 
simply circulated unceasingly in their orbits, we 
might form another opinion* But we know that 
meteors arc continually falling upon the atmosphere of 
our own earth, either there to be dissipated into finest 
dust, or to pass onwards, with or without explosion, to 
the actual surface of the earth ; and we cannot doubt 
that in a similar way countless thousands of meteors 
are falling, not only upon all the primary members of 

0 
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tho Holar ayatom, biib upon aali-raldB and ankdUlcfl-— 
nay, are oven atreaming in among llio ininuto bodioa 
oompoaing tho riiiga of Saturn, Tlioao onooimtorB 
cannot bo wholly without roault, and it i« qnito con- 
oeivnblo that xnoat injuvioua oonRoquonoos might onano 
to tho iulmbitanta of nil tho world a in tho acilnr ayatern 
if tho oontlnnal supply of mtstoorlo jnattor woro im- 
portfintly diminlahed. 

Now, If motflorio innaaea fall eonUmiully upon tho 
planota, auoh inivaBoa must fall In nurabora inconooiv- 
ably greater upon tho auni and It ia hero, unloaa I 
miatake, that tho great purpoao of tho raotoorlo ayatema 
beoomos apparent. 

Lot u8 oloarly reoogniao, however, why and how 
tho Bun muat bo aaaaultod by a continual Inmah of 
motoorio boclioa, Wo have aeon how onormoua muat 
bo tho number of thoao bodloa j wo know how axdlftly 
they travel, and on what oooontrio orbit* j but wo 
muat go farther boforo wo can prove that they fall 
upon tho Bun, For oxainple, tho Novomhor inotoora 
aro onormoua in number, and travel with onormoua 
velocity in a vdry oooontrio orbit, but they do not np- 
proaoli tho aun within a dlatanoo of nearly 00,000,000 
miloa. Nor, ludood, can any Icnown motoorio ayatora 
pour a ateady bull of motoora, bo to apeak, upon tho 
aun j for ho la tho ruling oontre of ovory motoorio aya- 
tom, and tboroforo under ordinary olroumataneoa the 
motoorio orhita muat poas around him, and not In aueh 
dlroctlona aa to inberaoob hla aubatanoet 

But it la to bo remembered tha^ baoteor* muat bo 
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Infinitely itioro crowded in the neighbourhood of the 
«un than at a distance from him. An indefinitely 
large number of meteoric orbits must absolutely in- 
toroect in the immediate neighbourhood of the snn ; 
and collisions must be continually taking place as 
countless thousands of meteoric flights rush towards 
and past and then away from thoir perihelia. Where 
these perihelia lie close to the sun the velocity with 
which the meteors travel must exceed 200 miles per 
secondy and thei'efore the collision even of two minute 
meteors must result in the generation of an enormous 
amount of light and heat. But that is not all, 
Amongst the collisions thus continually taking place 
In the sun's neighbourhood there must bo a consider- 
able proportion in which the two bodies are brought 
momentarily almost to rest by the shook. In such 
oases the combined mass of the two meteors would fall 
directly upon the sun, a fresh sui)ply of light and heat 
being generated as they wore brought again to rest 
upon his surface. 

Whether in the continual collisions of meteors 
amongst themselves, and in thoir precipitation upon 
the sun’s surface, we have a sufilcient explanation of 
the seemingly oxhaustloss emission of light and heat 
from the sun, I should not oaro positively to assort. 
Sir W, Thomson, who was one of the first to adopt 
this view, has now abandoned Itj though it is worthy 
of remark that the sti'ongest evidence in its favour 
has been obtained since he withdrew his support 
from It, or at least admitted that the downfall of 
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meteors on tlie sun’s surface is not aZowe sufliolen t t.o 
account for the solar light and heat, But so far ftB 
can judge, there is no flaw in the evidence I 
adduced from the laws of probability applied to iro- 
cent discoveries; and that we are bound to acooj?^ 
as a legitimate oonolusion from that evidence fcbi<^ 
theory that at least a proi)orbioii of the 8un*s 
is supplied from the meteoric streams which cirovl’* 
late in countless millions around him. It oan 
longer be believed, however, without adoptingf 
reasonable assumptions, that the whole of that otioi*- 
mous supply of light and heat which the sun 
emits on every side is derived from the meteoric 
streams belonging to the solar system or drawn ill 
from surrounding space, as the sun, attended by Ills 
family of planets, sweeps onwards amid the stello-r 
groups. 

If this view were correct, then the meteor sysfcairiB 
would constitute indeed a most important part of tbo 
sun^s domain. They might be said almost to abfira 
with the sun a title to be regarded as the source of iill 
the forms of force which exist throughout tho BOlfxr 
system* If in the energies of living creatur e a on 
earth, in the forces derived from the fuel that p>ropolB 
our engines, or in the power of winds and storms, wo 
trace the action of the ruling centre of the solftr 
system, we might trace hack the chain of causation y ot 
one link farther, and see in the sun^s emission of lijg;bti 
and heat the result of forces inherent in the meteor io 
systems which circle around him* 
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But we must not forget one most important oon- 
flidoration, wliioli would make the sun (as might bo 
anticipated) again the chief source of all the forms of 
force existing within his system. The motions of the 
meteoric masses ai'o almost wholly duo to the sun’s 
attraction 5 and therefore, in so far ns those motions 
al'o to bo regarded as a means of renewing the solar 
heat, we must regard the sun’s attractive energy as 
the source whence his heat and all the other forms of 
force which he exerts oi’e in reality derived. 

Yet one stop farther. The sun’s attractive energies 
might be increased a thousand-fold, and yet not avail 
to supply the various forms of force which are required 
by his dependent worlds, were there no external mate- 
rial on which those energies could act in such sorb as 
to lead to the continual inrush of matter upon the 
solar surface. Nor would it suffice if such materials, 
oven in enormous quantities, existed close to the sun. 
It is the distance from which that material is dragged 
towards the sun which gives that orb the power of 
imparting those tremendous velocities to which the 
collisions of the meteoric bodies owe their real effeot- 
ivonoBS. We thus find in dfsfanoe, in the simple 
element of scale, the true source of the various forms 
of force which oi'e continually exerted throughout the 
solar system. The sun surrounded by millions on 
millions of meteoric masses close at hand would bo 
powerless ; bub placed as ruler over a space far wider 
fihan the sphere circled by Neptune’s orbit, amidst 
which space those countless millions of meteors are 
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diBtrll)utocl, ho becomoB forthwith the oontr© of » 
thousand forms of energy, gatlierod by him oontiwanlly 
from tho systems of motoora oiroling around him* A'ld 
distributed by him abundantly and without ooaning to 
his dependent worlds.* 

It will not fail to bo noticed by tho thouglitfiil 
reader that, adopting this view of tho relation in which 
motoorio and comotio systems stand with rospeofc to 
tho sun, it soums necessary that wo should regard 
those planets whioh I have endeavoured to mfao to 
tho dignity of secondary suns, as subordinate oentrcs 
of atbraotlon, around whioh oountloss thousandn of 
metoorlo systems may ho supposed to oirolo. Have 
we any ovldonoo pointing to suoh a oonolusion P 

Now there can be no doubt that if Jupitop, tho 
nearest of these secondary suns, did so not upon a 
passing comet as to oompel that body to oirolo in 
future around /tiw, instead of pursuing its courao 
around tho sun, wo ooukl not In any way boeomo 
oognisanb of tho ovont unless the ooinot wore an ex- 
ceptionally largo one. I oonooive, however, that euoh 

' Jaat tw) tlila work (IJio ftrsti otliUon) was nbonti to bo plnood 
In lliQ iirlutor'B bands I rooolvod from Protossor Klrkwotkl, ot 
Amorloa, ono o! bis vslnublo oontrlbuUous to tho history oC tbs 
solar systom. In lb ho ])oln(« to tlio ovidonoo wo hnvo that bho iunn, 
08 bo spoods onwards througb spooo, passes Ihrougb region* In 
wbloU oomotio and motoorio mnloirilnls nro now richly, now simraely 
Btrowu, and (jjntbors la aooordingly now stores ol toroo of groatoe or 
loss amount. 'Pho bearing of the views of this ooube and eouadly 
reasoning nsbronomor (the Kepler of our day), nob only on (lie 
thoorlos dealt with In the above olmpter, but on thOM oonaldorod 

In the ofittptors wbloh follow, will be soon ftb ottoo. 
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Fiti event, tliougli undoubtedly possible,^ must 
uncommon that the number of cometio systems thus 
forced to own Jupiter as tbeir centre of attraction 
must be relatively few* But in another way the 
I)lanGt does exhibit his power as a comet-ruler, making 
oomets recognise him as a sort of subordinate master, 
the sun being their primary ruler. When comets 
coming from outer space pass near enough to Jupiter, 
he sways them so markedly from the orbit they are 
pursuing that the econo of encounter becomes the 
ai)helion of then orbit, or nearly so. Thence they 
pass on their new orbit to their perihelion, returning 
again presently to the scone of their encormter with 
Jupiter, and so revolving in an orbit having its 
aphelion close by the orbit of Jupiter, until haply tho 
giant is again near the scene of encounter at the 

* It is aooosBarily poaslblo In tlio case of nny planobi but must 
111 many cuaos bo liighly impiobablo. For oxamplo, astronomors 
somotlmcH fissort that niotoorio iiuvshos pausiiig noar tho oarth 
nilgiit bocomo BiUollUofl of lioifli but in reality this is a very un- 
likely ovoiit, booiuiflo tho niivximum voloolty which a body travolUng 
uiulor tho earth's Influonoo oan liavo (that is, tho voloolty acquired 
by a body tra veiling from InHiilty to a porlgoo oloso to tho earth) 
is loRfl timn tho voloolty with which a body oirollng on any orbit 
round I ho sun would move whoa at tho earth's distanoo from him, 
unless its orbit wore very oooontrlo aud tho aphelion oloso by tbo 
oavth’s orbit, llodlos travelling from outer apaoo towards tho eim 
cannot by any possibility boooino satollltos of tho ouvbh, booauso 
they would always havo a voloolty grontor than that wliioh her 
at-traotlon can mnstov. Bvon In the mro event of thoir grazing 
Iter atmosphere, and so losing a largo share of their voloolty, thoy 
could not booomo pormanont satellites of hors, because, returning 
to tlie soono of oncouutor, thoy would lose yet a larger share of 
bhoir voloolty, and so must bo brought, and that soon, to hot 
surfaooi 
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moment when the comet comes back to it. In th is 
ease a fresh struggle takes place, the overmastoringf 
attraction of the planet necessarily prevailing, and fclio 
comet being often dismissed on a new orbit, wlioso 
perihelion, instead of its aphelion, lies close by 
orbit of Jupiter, 

Now we know that such events as these must bo 
of frectuent ooourrence as Jupiter sweeps swiftly round 
on his orbit. For we recognise several comets wMcli. 
have evidently been compelled by Jupiter to take u|3 
such orbits as I have spoken of — a family of comets* 
in fact, including Encke’s, Faye’s, and Bror son’s* 
Winneoke’s short-period comet, and several others. 
We judge further, from the laws of probability, that 
for each discovered comet of this family there must 
be thousands which have escaped detection. So tlievt 
around the orbit of Jupiter (if not around Jupitor 
himself) there cling the aphelia of myriads of 
oometic orbits whose perihelia lie at all conceivable 
distances from the sun leas than the distance of 
Jupiter, 

Saturn also has his family of comets j so also have 
Uranus and Neptune. The comet associated with tlio 
November meteors belongs indeed to the Uranian 
comet-family, and the epoch (128 a.d,) has even beon 
pointed out when this comet may have fallen under tbe 
dominion (subject always to the sun’s superior control) 
of that distant planet. 

And here I may refer to a view which I have long; 
entertained respecting the purposes whiph meteoi’io 
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atid oomotio systema have fullillcd in the past history 
of the solar system.' Wo know that the materials 
composing motcors, and wo conclude, therefore, that 
thoao composing comets, do not differ from those which 
Gonatituto the earth and sun, and presumably the 
planets also. Thorcfoi'e under the oontiniml rain of 
meteoric matter it may bo said that the earth, sun, 
and iilanots are growing. Now tho idea obviously 
Buggeats itself that tho whole growth of tho solar 
ayatom from its iwimal condition to its present state 
may have been clue to procossos resembling those 
wliioli we now see taking place within its bounds. It 
la of course obvious that if this bo tho ease, tho number 
of meteorio and cornetio systems must have boon 
enormously greater originally than it is at present. 
Countless millions of meteorio systems, travelling in 
orbits of every degree of occontrioity and inclination, 
travelling also in all conooivablo directions around the 
centre of gravity of tho whole, would go to the making 
up of each individual planet. A marked tondonoy to 
aggregate mound one dofinito piano, and to move in 
directions which, referred to that piano, corresponded 
to the present direction of planetary motion, would 

* 131 noo tho proflonb ohaptoi* wtia 'vvrItiQn, I 11 ml that fcUo hypo- 
horo pub for wind hm In a goiicral way boon touohod on by 
more than ono astronomor and phyalolat I bollovo, howovor, that 
lioro) for tho drat llmop iti haa boon astjoolatod with tlio ohlof 
fofttiircB of tho flolar ayatora* It wmi suggostod in note n (Appon- 
dlx) to my troatiao on Baburn. Hub m ii matter of faot, whon that 
no bo wna written* aa aUo whon thowo paasagoa wore publUhod in 
wbloli tho aamo liypothoale la doalb with by othor mibliora, doolslve 
oviclonoo In favour of tho theory waa wanting, 
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Buffice to account for the present state of things* 
effect of multiiDlied collisions would necessarily be t.o 
eliminate orbits of exaggerated eccentricity, and 
form systems travelling nearly in the mean plane of 
the aggregate motions, and with a direct mofciott* 
Further, where collisions were most numerous, tliox’O 
would be found not only the most circular resultixiS* 
orbits, not only the greatest approach to exact coixx— 
cidence of such orbits with the mean plane of the wholo 
system, but the bodies formed out of the resulfcii^S* 
systems would there exhibit rotations coinciding mo»tr 
nearly with the mean plane of the entire system.' 

It seems to me that not only has this general vi oW 
of the mode in which our system has reached its 
sent state a greater support from what is now aotutvlly 
going on than the nebular hypothesis of Laplace, 
that it serves to account in a far more satisfactory 
manner for the principal peculiarities of the solcvt 
system. I might indeed go further and say tlxtxfc 
where these peculiarities seem to oppose themselvoa to 
Laplace’s theory, they give support to that whiola X 
have put forward.^ 

» This conolasion doponds on a well-known law of probability. 
It may bo thus iilustratecl If wo have in a bag a million wliltc 
and a million blaok balls, and take out at random a number ofi botllif# 
then the larger that numbor, the moro nearly (in all p^obabllltiy)^ 
will the liumbof of blaok and white balls inoludod in it appronoli to 
a ratio of oijuallty; 

5 It is scarcely necessary to remark that as regards at Ipoa t> t li Q 
larger members pf the solar sy8tem--inoludlng the four prlaap^vy 
planets within the zone of aatorpids— the nobiilous oondlMon itx^ 
ferred by Laplaeo would necessarily : result from, the propesspB; VO 
suggested ) so that, in a sense, the aboys account;! inay bp prrppoo oil 
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For example, what is there In the nebular hypothesis 
which affords even a general explanation of the strange 
varieties of size observed in the planetary system? 
How can that hypothesis bo reconciled with the re- 
tnivvkablo variations of inclination observed among the 
planets, or with the retrograde and almost perpendicular 
motion of the satollites of Uranus ? Nor, again, is the 
hypothesis consistent with the observed peculiarities of 
motion of those moteorio systems which wo must now 
regard nn regular members of the solar system, 

Now, according to the hypothesis I have put forward 
above, a general explanation of all those matters is as 
once suggested. Lot us consider : — 

In the neighbourhood of the great oentiul aggre- 
gation which would undoubtedly result from the mo- 
tions of such meteoric systems as I have considered, 
all the motions would bo very rapid, Tlioy would, in 
fact, rosemhlo the motions now actually observed in 
the sun’s neighbourhood. Here, therefore, subordinate 
aggregations would form with difficulty, since they 
would have small power of overruling meteoric systems 
rushing with so great a velocity past them. In the 
sun’s immediate neighbourhood, then, we should expect 
to find relatively small planets j and wo do accordingly 
find that Moroury, nearest to him, is the smallest of the 
planotB, Venus larger, and the earth (yet further away) 
not only larger than Venus, but adorned with an attend- 
ant satellite. ■* 

bo dosorlbo a «tato of tilings antooodont to tho nobnlons oontUtlpn 
of tUo planbto aiid sun, ns oonoolvod by hnplaoo. Boo nlao note .11 
bo my tfoabiso on Bntul'n. 
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Now, ftfc ft much grotitor rtmlnTico from |,lio Bivn tlie 
mokoorlo motions would bu so miioh loss tliut. 
supposing only n suilnblo nicnn {loiiHily of it^grogpii” 
tlon, it would bo possiblo for Jimch Inrgor Hubor- 
diuftto oentroB of nggrogiitiou to foriHi TIiuhw cunlrt's 
would inoroiVBO in iinporUtnco ns tlioy swont rouiul 
tbo contrnl uggrogntion, conlimitdly gnlboriiig fresh 
rooniits. ludocd, though, as lluiy would wot 
bo (iblo to provout tho ivmjnr pmt of tho tiudorlnls 
rushing from oiitor sfKioo townrds tho sun from imgie* 
gating round hhn, they would still gather in no in* 
oonsidoriiblo portion of thoso nmleriiils. Wlmro tlio 
largest portion would bo gathered would dopemd on 
tho way in which (hiking ii general view of tlm 
system) tho quantity of material inoronsod toward# the 
neighbourhood of tho contro. I'^or oloarly, wliile di«* 
tanco from tho sun would Increase tho facility with wb iob 
materlnls would bo gathered in-~8iuco the sun's in (liKunco 
would cllmiuiBlv with diatanoo it would also atfeot fehn 
quantity of material availablQ*~*8lnce, from a very eitrly 
period, tbo system must have begun to show nn 
ttuoe resombllng that now prosouted by tho isoclinwnl 
light“~that is, a general increaao of density towards tho 
contro. 

Assuming that tho region of maximum nggregntion 
was that whore tho Induonco of tho ruling ocntroi Brat 
booamo so far diminished with diatanoo as toreador tho 
formation of a groat subordinnto aggregation pomihlo, 
wo should Imvo tlio Innormoat of tho outer aorle# of 
planets also tho most bulky | and next within tlie orbit 
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of that giant planet we should find a relatively barren 
space, cleared of material not only by the sun’s still 
powerful influence, but also by the influence of this first 
important subordinate aggregation. The initial assump- 
tion is, in itself, at least not improbable, and having 
once admitted it, we find an explanation of the giant 
mass of Jupiter, of the comparative poverty of material 
just within the orbit of Jupiter, and hence of the 
condition of the asteroidal zone, and of the smallness 
of the planet Mars next within that zone — though this 
planet far Outweighs (according to Leverrier’s estimate) 
the united mass of all the asteroids. Beyond the 
orbit of Jupiter, we should expect (after passing an 
enormously wide space, bai-e of worlds) to find still a 
great abundance of material, and an even greater 
facility in the aggregation of that material. Thus the 
existence of the planet Saturn, next in importance to 
Jupiter, and surpassing him in the complexity of his 
attendant system, is accounted for; yet farther away, we 
look for and find still an abundance of material, and 
that material somewhat more uniformly strewn, while 
the sun’s, small influence is indicated by the existence 
of satellites, of which doubtless many more will one 
day be discovered by astronomers. 

As to the rotations of the various members of 
the solar system we find some account, necessarily not 
exact, given by this theory. I have mentioned above 
the results to be looked for ; those observed are closely 
accordant with that view. Thus the sun, the largest 
member of the system, and specially pre-eminent 
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witiin its inner division, has its equator inclined but 
about seven degrees to the mean plane of the system. 
Mars, the least member of this system, has an inclina- 
tion of no less than twenty-eight degrees ; the larger 
earth an inclination of but twenty-three degrees. The 
inclinations of Venus and Mercury are undetermined ; 
they may be expected to be large, not merely on ao- 
oonnt of the smallness of these bodies, but on account 
of their- proximity to the sun. Of the outer division of 
the system, Jupiter, the largest, has an inclination of 
little more than three degrees j iSaturn has' a very con- 
siderable inclination (more than twenty-six degrees) ; 
Uranus has an inclination which may be described as 
actually greater than ninety degrees, since he rotates 
buclewo/i'ds with his equator inclined seventy-six de*^ 
grees to the ecliptic. And lastly, if the observations 
hitherto made on Neptune’s satellites are to he trusted, 
this planet probably rotates in a retrograde mannory 
his equator being inclined some twenty-six degr.ees to 
the horizon j so that, to render the comparison between 
his rotation and that of the other members of the aolni' 
system complete, he may be said to rotate ip a direct 
manner with his equator mol ined some 154 degrees to 
the ecliptic. 

The great inclination and eccentricity of many of blio 
asteroidal orbits is also accounted for more satisfaotorily 
by this theory than by the nebular hypothesis. Tbero 
is perhaps no absolute incorrectness in the assertion 
that the smallness of the asteroids explains (on the 
ordinary view of their, origin) the relatively irregular 
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nature of their motions. Their minuteness doubtless 
brings them (when long intervale of time are con-* 
flidored) more under the disturbing influence of Juinter 
than a single massive planet at the same distance from 
the sun would be,^ But the attraction of Jupiter can 
scarcely have been sufficient to cause the asteroids 
to depart so widely as they do from the ecliptic, since 
his path lies quite close to the ecliptic, and even nearer 
to the mean plane of the solar system* Bodies formed 
as the asteroids are supposed to have been, according 
to the h3q)o thesis I have suggested, would necessarily 
exhibit a much greater variety of motion than would 
bo recognised in the case of the larger planets* 

' Tho moat omlnont astronomor o£ ouv day Indloatod Jn a 
private oommimloafclon an objootion to this flontonoe (originally 
\viilton without tho paronthofclonl passage), folindcd on the faob 
that tho dlstuibanoo by Jupiter o£ a alnglo planet ns largo os tho 
earth (or oven Neptune) travelling on the orbit of one of tho osto- 
roltls, would bo proolsoly tho same as tho disturbanoo of tho 
natoroidj or oven of a much minuter body — as a motoor or a poppor- 
coriii This Is just \ bub tho contrary was not inoanb to bo implied 
by tlio above sontonoo as it originally stood, It was to tho Influonoo 
of Jupltor in long oyollo poriods, during which tlio roilox aotions duo 
to tho ohai^gos hr Jupiter’s own orbit through tho action of tho 
porlurbod body came into play, that I roforrod. In the case of 
two planets of nearly equal Tuass-*-or of innssos oompaiablo in mag- 
n(tttdo-*-tlioro Is an Interohango of ocoontrioltioa and Inolinations, 
and those can never booomo very largo for olthor planet. It la 
dllToront, howovor, whon ono of tho bodies ia oxoocdiugly mluuto, 
for thon tho orbit of Uio larger ohangos so slowly that portuvblng 
olToota oro ronowod again and again, during a very long oyolo, so 
that boforo tho rovorso pvooossoa begin to aob a very oonaldorablo 
oooontriolty or a very oonsldorablo Inoliuatlou may bo given to tho 
smaller body, liliat this Is so is shown by tho much wider 
mugo wltldn which tho oooontrloitlos and inolinations of tho 
smaller planofcs of tho solar syatom are known to osoillato In long 
intervals of time. 
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Another point ill wliieh, ii» T eoncoivo, ray liypoUioKiH 
is move untiurnctory tlmii the nehuhir one tsonsislii in 
tho fttot Hint it niiggi'Hin nn exiilirantion of the peou- 
linritics ohsorveti in Iho pliinelery periotiH. TrofoKaor 
Kirkwood’H reHenrcheH into tiie vnrieuH relntionB of 
coramuiiHurnbility proseiiltHl ninong the iwruMin of 
ptniiola nml sntellitee, niul the known elTeeln of coin* 
raenHurnhiUty in oneonni^tng the nemunulnlion of 
pliuietnry pori,urhnl]f.in», will nt once «Mggo«t to tho 
nmUicmintieiil render the wny in whicli ii uyetem form* 
iiig in «u«h ft iniranor n« I lt«vo Inrnginctl might ha 
expected to exhibit tho presence of Inw nit regntxls 
diatancoa and periods. Thorn is nothing in tho nelndnr 
hypotheaia whioli omsmirnges tho ixilief thnt n system 
ft'iunod na Iflplnoo cimcoivod tho solnr ayiitioin to bo, 
would exhibit any euoh inws m nro found within Uio 
planetary aohome, 

Tho liypothoais I have put forwartl nl«o gel* rid 
of whnt hna nlwiiya Hoeined to me the gmnt difll- 
ovdty of the nobulnr hyi»lheBi«. Aeeonlirig to the 
views of I/Bplooe, Neptune must have been formed 
millions of ages beforo Urninis, Uranus tui long before 
Saturn, Saturn a* long Imfore Ju|iitor, ant! m on. 
Now wo know thnt the apijoaranco of thmse primmy 
mombors of tho solar system which we ora Imt able to 
study does nob Indieato any sueb enorinooa dispropor- 
tion in tho ages of tho pknots, ovon if it doea not 
indicate that the planets were formed neatly at the 
snmo era. Aoeordlng to iny bypoiheaia, Urn various 
prooossoB of aggregnUon would go on almttUaimously 
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(jusb as tile influences which Jupiter now exerts on 
comets act simultaneously with the more power- 
ful influences exerted by the sun); and though the 
Yoiuous orbs formed by those processes would not 
necessarily be completed simultaneously, there would 
be no snob enormous disproportion in their age as is 
necessary according to the theory of Laplace* 

Yet another strong point in favour of this hypothesis 
resides in the circumstance that we now have every 
reason to believe that all the planets are constituted of 
the same elements. When it was thought that Jupiter 
might be a watery globe^ for instance, there was some 
evidence in favour of Laiilace’s theory* But we now 
know that Jupiter is not constituted differently, in all 
probability, from the earth and sun, as according to 
Laiilace’s tlieory he must have been. Since, then, we 
know that meteors contain the same elements which 
exist in the constitution of sun and planets, we have 
boro a very strong argument in favour of the view that 
they have ^flayed the important part I have assigned to 
them in the formation of the solar system. 

But after all, the strongest evidence in favour of the 
hypothesis I have suggested consists in the fact that 
the processes by means of which I conceive the solar 
system to have been formed are undoubtedly going on 
before our eyes. There may be little, indeed, in the 
downfall of meteoric showers to suggest the idea of 
world-formation or sun-formation 5 little in the present 
ttspeob of the ssodiacal light or of the solar corona to 
present to the mind’s eye a picture of that vaster 

V 
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agglomeration of meteoric and oometio systems, 
speeding with inconceivable velocities on their intoi-*"' 
lacing orbits, which I imagine to have been the 
bryon of the solar scheme. But sun and planets 
growing, however slowly, as the meteorio hail 
continuously upon them; the zodiacal light and tli-® 
solar corona we doubtless due to the existenoo 
meteorio systems, resembling (however relatively insig- 
nificant) those which I have pictured as the matei’itvls 
of the planetary scheme. In the Saturnian rings, 
which have been proved by the researches of MoxwoH 
and others to consist of multitudes of discrete bodioa* 
we have evidence of the same sort in the case of 
subordinate centre of aggregation. So that we bavo 
a form of evidence, which was wanting in the oaso of 
the nebular hypothesis, in favour of this other hypo- 
thesis, by which, as in Laplace’s, the 'present state of 
the solar system is regarded as the result of a prooos a 
of development, and uot of special creative fiats. 



CHAPTER X. 

OTHEU SUNS THAN OUHS, 

V/e are now to venture into regions wlaere we shall 
Ho longer have olear lights to guide us, Tremendous 
tiB are the dimensions of the solar system, the widest 
sweep of the planetary orbits sinks into insignifioanoe 
compared with the distances which separate from us 
even the nearest of the fixed stars. From beyond 
depths which the human mind is utterly unable to 
conceive there come to us the rays of light which 
myriads of tliose orbs are pouring forth, and it is from 
tlie lessons taught us by these light-rays that we are 
to form our ideas concerning the nature of the orbs 
which emit them. Very carefully and cautiously must 
we proceed, if we would avoid being led into vain 
imaginings. It will but mislead us to pass a single 
step beyond the path which is dimly Ughted for us, 
a,-nd yet that path is so narrow and so obstructed with 
diffloultios that we find ourselves continually tempted 
to leave it, and to venture forward on the alluring and 
GtiBy paths which spooulation opens out on every hand 
fliTound us. 

And yet we may well remain content to listen only 

i '-2 
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to the leaoliinga of known fnots. Even ao rcalmining 
ouraolvoS) we have In renliby a wide and noble domain 
to explm-o, Fftota wliioh RGom Bovomlly imlinporlant, 
nro found, wlmn ooiiBidcrod «« pavta of n grand whoio, 
to Indicate rolivtionB bo improBBlvo and ao intoroBling 
that tho rovelntionB of the toloscopb within the Holar 
systom are apt to Boora commonplace bCHido I hem, 
We have, In faob, no longer to ooiiBldor tho «triioturo 
of a aystom — tho archiboeturo of the iiniverHe i« our 
theme, 

Let iifl examine carefully the evidence which Boitmce 
has gathered together for uh, endeavouring at oncli 
stop to gain the full ainoimt of knowledge the Bcveml 
facta involve, while at tho same time cautiously refrain- 
ing from any attempt to ovoratep tlio himnda indicniod 
by our ovldonoo. 

In the fli'Bb place lot ua conaldor whnt may ho 
learned from the analogy of the Bolnr ayatem. Tho 
Bbudy ia an inviting one, Binoo tho dlaoovorieB on which 
wo are to found onr viewB have boon made bo recently 
that the aubjeot hiiB oil tho charm of novelty and fre«h- 
noBB, while It involvoa tho oonBidoratlon of tho «oundo«t 
and moBt inatruotivo mode of pursuing our roaenroheB. 

We have aeon in tho eolar ayatom a variety and 
complexity of abruoturo, anoh as, half a century ago, 
few aatronomora would have tlfought of osorlbing to 
it. When Sir William Horaohol began that noble 
aorloa of roBoarolma amid tho eidoreal depths by wbioh 
hla name haa been rendered illuatriouB, he saw in tho 
solar ayatem a aohomo very different indeed from that 
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which is presented to our contemplation. He behold 
a vast central body, sniTounded by a limited number 
of orbs, “some of which are the centres of eubordinate 
schemes of grecater or less extent. When we have 
added the ring of Saturn as the only formation dif- 
fering from planets and satellites in character, and the 
Gomets, few and far between, which seemed rather acci- 
dental tributaries of the sun than regular* members 
of his family, we have considered all the features which 
the solar system, as known in Sir William Horsohers 
day, presented to the contemplation of astronomers. 

With us it is very different. We sea that there 
exists within the solar system a variety of size and 
atruoture, of motion, arrangement, and aggregation, 
which is already inconceivable, and yet doubtless but 
faintly shadows forth the real complexity and richness 
of the scheme swayed by our sun. Perhaps it is in 
considering the solar system in the particular light in 
which, in this treatise, I have had occasion to present 
it, that this wonderful variety of conformation is made 
most strikingly apparent, But, axmrt from all specii- 
lativo theories, there can be no doubt that the solar 
system presents to us a subject of study amazing in 
itself, but most amazing when we regard it as sui> 
plying the analogies wbioh are to guide us in forming 
our views respecting the sidereal system. Besides the 
family of planets circling round the sun, besides the 
system of dependent orbs which circle round the 
planets, we see a zone in which independent planets 
oirole by hundreds, perhaps oven by myriads, around 
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the solar orb} we see the ring of Saturn compos®*^ 
of thousands of tiny bodies ; we see the met&ox'io 
systems in countless hosts 5 we see the comets of 
scheme in millions on millions } and less certainly^ but 
still not indistinctly, we recognise the existence of » 
multitude of new and hitherto unsuspected form® ot* 
matter within the cirole of our sun’s attraction. 

What opinion then are we to form-even hor0> **'t' 
the very outset of our inquiry — respecting the sidereal 
scheme of which our sun forms but an unit ? Suxoly 
it would be to lose sight of the significant lesson 
taught us by the solar system, it would be to forjg'Ot 
how sure and safe a guide the greatest of modem 
astronomers found in the teachings of analogy^ fo 
adopt the same view now which that groat astrononoier 
adopted a century ago. If, viewing the solar system 
as consisting of discrete orbs, comparable one wiblr 
another in size, and distributed with a oortain 
uniformity . around their ruling centre. Sir William 
Hersohel held that the sidereal scheme presented 
somewhat similar relations, surely toe, who know oei>* 
tainly that the solar system is constituted so dififoiv 
ently must adopt a far different view of the sidorei^l 
system also. 

Let us remember that there is here^ — so far as otiv 
respect and admiration for Sir William Hersohel two, 
ooncemedT— a choice between two oohrses. Assumlu^, 
as indeed is just, that the views of our great men. or© 

; ■ . /l' apt rashly to be thrown on one side, we have to ohooao 
; would rather abandon the views which'. Sir 
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Willmra Herschol formed about /ads, or the viem 
which he formed about pi'mevplea. If wo accept his 
opinion (or rather, after all, his mere suggoation), that 
the stars arc tolerably uniform in magnitude and dis- 
tribution, we must abandon the analogy of the solar 
system. If, on the contrary, wo accept Sir William 
Ilerschers often expressed opinion that, in theorising 
about the \inknown, there can bo no safer guide than 
the analogy of known facts, we must abandon the 
view (which seemed to him but probable) that the stars 
m-o dishibuted with tolerable uniformity throughout 
oiu' galaxy, and are comparable infcj' se in magnitude 
and splendour. 

There can be no doubt which course is preforable. 
We know certainly that Sir William Horsohel was 
often mistaken, as all men must bo, in matters of fact ; 
while we know with equal certainty that he owed 
the marvellous success with which he theorised to his 
adoption of the principle that analogy is the ohiof and 
the best guide for the student of astronomy. 

Wo are oompollod, then, in our very respect and 
admiration for the greatest astronomer of modern times, 
to rcgiud the constitution of the sidereal system as, in 
ail probability, very different from what bo imagined, 
We must be prepared to expect an infinite variety 
of figm’e, of abruoturo, of motion, and of aggregation 
throughout the gahvetio sohomo. If some orbs within 
that Bohonae seem prpbnbly to be suus like our own, 
we must not be aui’prised to find otheK„ ffhich are pro* 
bably far larger or far smaller. We may look for 
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objects differing as much from the suns of the sidereii-l 
system as the asteroidal zone differs from Saturn or 
from Jupiter. So that, if we should recognise evideno^^- 
of the existence of clusters of minute stai‘s^ — a wholo 
cluster, perhaps, not equalling in real importance tlio 
least of the suns of the system — we may accept 
evidence without any scruple suggested by the im- 
probability of the conclusion to which it points. Again 9 
we may expect to find schemes within the sidereal 
system, differing as much from discrete stars or stnr— 
clusters as the rings of Saturn differ from the primai^y 
planets or from the asteroidal zone. So that, if vvo 
should recognise evidence of the existence of relatively 
minute clusters, whose components are either so small 
or so closely aggregated as not to be separately visible 
even in our most powerful telescopes, this evidonco 
may fairly be accepted as acoordaut with the only 
analogy we have for our guidance. Yet once more : we 
may look for systems differing as much from all or- 
dinary star-clusters as the exoentrio and far-reachingf 
meteor systems differ from the symmetrical rings of 
Saturn. So that, if we should find evidence of strange 
schemes within the sidereal system, schemes presenting' 
strange varieties of figure, with strange complexities 
of spiral whorls or outlying branches, losing them- 
selves, as it were, in the depths towards which they 
seem to extend'-^hi® a-lso need not surprise us; wo 
need not conclude that at any rate, we are lookingf 
beyond the bounds of the sidereal system, and gozingf 
Upon external galariesj for the analogy we have cho^oxi 
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for our guidance teaches us that such structures were 
to be expected within the scheme of which our sun is 
u component. And finally, if we should find reason to 
assure ourselves that there ore objects in tho depths of 
space whoso very sxabstanco and constitution are dif- 
ferent from those of all other objects within the sidereal 
system, we need by no moans believe that tho objects 
thus singularly constitxited belong to or form external 
systems. For the millions on millions of comets which 
form part and porael of the solar system present a 
precisely analogous difference of structure, as compared 
with tho other members of that system. 

Having thus reifiaced tho erroneous analogies to 
which — through no fault of his own — Sir William 
llersohel was led to look for guidance, by the more 
trustworthy analogies which tho recent progress of 
nstoonomy has afforded for our instruction, wo may 
proceed to consider tho direct evidence wo have 
respecting the constitution of our galaxy. 

In the first place, let us examine the ovidonoe 
pointing to the dimensions of the sidereal system. 

That the nearest members of the system lie at enor- 
mous distanoes from us is proved by tho fact that, ns 
tho earth sweeps on her vast orbit round tho sun, no 
appreciable olmugo is observed in tho oonfiguration oi 
the star-groups. That a circle having a diameter oi 
more than 186,000,000 of miles should be swept out 
yeor by year as tho earth traverses her orbit, and yet 
that the surrounding stars should exliibit no change oi 
place, is at once the most striking and tho simplest 
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evidence wo have of tho enormous Honle on wliioh 
the sidereal system is oonstruotod. And yob this first 
obvious fact sinks almost into Insignificftiico wlion wo 
regard thoughtfully tho teaching of modern iustni- 
menhd astronomy. There might ho ft real sliiding 
of apparent position which yot tho unnideJl eye wtniUl 
fail to detect, and such a change would Itidiciilo 
distances so enormous that tho mind fttils altogether 
to conceive bhoir real siguiflcanco. Bub the oxiict 
instruments of modern times would exhibit n ohnngo 
of phico fur more minute than any wldoh Urn un- 
aided eye could rooognise. If a star shifted by so 
much as tho ton-lhousundth part of tho inaou's apparent 
diametor, moclom astronomers could iwBuro thomsolvos 
of tho change of place. And when wo remember that 
lu prooisely the same proportion that wo inoroaso tho 
exactitude of inatrumontal observation we Inorease 
also the signifloanoe of tho stars’ apparent fixity of 
position, it will be soon at once how astounding is tho 
lesson convoyed by tho fact that all hut a very few 
indeed of tho stars remain absolutely unalTectod— oven 
under tho most powerful liistrumontnl examination— 
by the enormous range of tho enrtli's orbital motion. 

Wo can roughly estimate tho cHstnucos of tho few 
stars which aro thus nffeoted, and thenoe—on the 
hypothesis that tlio lutrlnslo hrJlllaaoy of their light 
is the same as the sun’s— wo may form some idea of 
tholr dimensions. I shall, howovor, only apply this 
process, in detail, to a single oaso, beoeuse my present 
objoot is rather to indlodte in a generfti way the scale 
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on which the sidereal system is constructed than to 
enter at length on the more exact details which find 
their place in ordinary treatises on astronomy. 

The star Alpha Centauri is one of the brightest in 
the heavens, Sirius and Canopus alone surpassing it 
in splendour. But it was not its exceptional brilliancy 
alone which led astronomers to regard it as likely to 
afford evidence of an apparent change of place corre- 
sponding to the earth’s real change of place as she 
sweeps round her orbit. Of course, the brightest 
stars are presumably the nearest} but there is another 
indication of proximity at least equally important. 
The so-called fixed stars are in reality slowly moving 
onwards on definite courses — slowly, that is, in appear- 
ance, though in reality their motions are doubtless 
inconceivably rapid. Now these motions, the jproper 
moHona of the stars, as they are called, are as yet very 
little understood. We know only that the whole of 
the galactic system is astir with life, but whither the 
orbs are severally tending we are not yet able to say. 
Nor do we know what portion of the stellar motions 
may bo due to the undoubted proper motion of our 
own sun through space. This, however, may be re- 
garded as certain, that until we know something 
respecting the laws which regulate the stellar move- 
ments we must regiu’d the magnitude of a star’s 
motion as probably an Indication of relative proximity. 
Precisely as a man wallung at a great distance from us 
appears to move much more slowly than one who is 
walking at the same rate close by, so the apparent rate 
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of a star’s motion ia diminished in proportion to ^ 
star’s distance from us, When, therefore, it was 
that the star . Alpha Centauri is moving more ^ 

than other stars, this fact, combined with tho 
lustre of the star, led astronomers to suspect 
must be comparatively near to ns. 

Observations made to determine whether tho 
shows any sign of an annual change of place 
spending to the earth’s annual orbital motion, 
rewarded by the detection of a very appreoiabki ^ 
placement, In fact, owing to the motion of the 
each year, in a nearly circular orbit 186,000,000 xt:» 
in diameter, the star Alpha Centauri appears to 
out each, year a minute oval path on tho 
sphere, the greater axis of the oval being oquiil 
length to about -j-J-g-th part of the moon’s 
diameter.^ 

It follows from this, that in round nviinborsi 
distance of Alpha Centauri from us is about 
millions of millions of miles* The distance of 
earth from the sun shrinks into insignificance 
this enormous gap. Even Neptune, though 
round the sun at a distance thirty times vnBtor 
that which separates us from that lumimuy, in 
relatively so much nearer than Alpha Centauri, fcbut 
a sun filling the whole orbit of Neptune would 

* It hardly need bo atentloiied, perhaps, that this moMon Ij&IiiD 
Buperadded to tho atar’s more considerable proper motioUi tho- 
which tho Stax seem a rp^lly to follow is a looped one, UiO Oji 

each loop being small in comparison with the dieianei) 
sucooasive loops. 
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pear, as Meon from that afcar, but abovifc •snirfftb aa largo 
as tbo aim appears to us. 

Now lot nBcouaider what dlmonslona wo may aaalgn 
to Alpha Conlauri, on tbo naaumption that the aurfaco 
of this star emits a light as brilliant aa that which 
proceeda from tho idiotoaphoro of our own aun. Wo 
must not neglect tho conoidoration that the atar la 
double — tho companion emitting porhapa about ono- 
aixth 08 much light aa the primary.* Tho diatanco of 
Alpha ConUiuri ia equal to about 230,000 timoa that 
which BepuratcB U8 from tho aun. Therefore, if re- 
moved to tho star’s distance, tho aun would ahine with 
only part of his preaont lirilliauoy. Now, 

according to the most careful oatimates of the bril" 
lianoy of Alpha Centauri, tlie light wo receive from 
that star ia about of that wo receive from 

the aun.’ It followa, therefore, that tho atar emits 
about throe times as much light aa tho aunj and 
therefore, ao far as tho omission of light is a criterion 
of aiKO, tho atar may bo regarded ns considoraldy larger 

> In Uio Itmt ocitllon o( UiIh work llio aranllor slur wna doHorlljod 
M omlltlni} about oHo-alxtoontli an nmoli light aa Uio priiimry j and 
In a noto I rouiarkod that 81r John Ilorsoliol, ohnovvliig tho alar 
with hlH flO-Ioot rollootor, thought tho Mooontlary brlgblor than It 
]» uBually oonaldorod, but that, for a oomiHirlaon of this sort, 
mnallor toloaoopwi sootnod to rao llkoly to ho on tho wholo nioro 
tnittworlby. Ho oonvlnood mo that my opinion iw to tho bright* 
nosB of tho Booondory was orroiiooua. Honoo Uio ohango In tho 

ostlmato. . , 

« 'Jill* oatlraato 1* foimdotl on 8lt John Hor«ohol’» comparison 
botwoon tbo light of tho star and Umt of tho full moon, nnd Z»H* 
nor’s comparison botwoon tho light of tho full moon and that of 
tho sun. 
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than our own sun. In fact, reducing tte total 
of the pair by one-aeventh, we find that the primarj?’ 
must still emit nearly three times as much light as fctio 
sun, and therefore the diameter of the star, as thixs 
estimated, would appear to exceed our sun’s in 


proportion of about 8 to 6, 

We have here, then, clear and decisive evidence iTi 
favour of the view that among the fixed stars thero 
are orbs which may be regarded as veritable suxi® 
worthy to be the ruling centres of schemes as noblo 
as the solar system, For we know quite certainly tlipufc 
the greater number of the first magnitude stars aro 
very much farther from us than Alpha Oentauri, with 
which, however, they are fairly comparable in bril- 
liancy j so that they may be regarded as for the mosfc 
part at least equal to that star in size and mass, Siriixci 


and Canopus, indeed, must far surpass Alpha Oen.— 
taun. The latter, though more than thrice as briglifc, 
^xhibits no appreciable change of position as the eartlx 
circles round the sun. Sirius, which is more than 
four times as bright as Alpha Centauri, shows an 
Mnual ohauge of position which certainly does not 
exceed one-fourth of that star’s. It is therefore four 


times farther from us than Alpha Centauri, and, did. 
it emit no greater amount of light, would appear to 
shine with but oner-sixteenth of that star’s lustre, As 
in reality it is four times as bright^ the real amount of 
light it emits must exceed that of Alpha Centauri 
no less than 64 times, and that of oiir own sup no 
less than 192 times; So that, judged frq^ this ind|~. 
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catton alone, the diameter of Sirius may be held to 
exceed that of our sun in the proportion of about 14 
to 1, an estimate which assigns to Sirius a diameter of 
nearly 12,000,000 miles, and a volume 2,688- times as 
large as the sun’s. 

But on the other hand, still confining our attention 
to this method of estimating magnitude, we find reason 
for believing that many of the visible stars must fall 
far short of our sun in magnitude. The sixth magni- 
tude double star 61 Cygni, has been found to be 
neai'or to us than Sirius, and about three times as 
far from us as Alpha Gentauri. Now, we may assume 
that each component sends us about one-hundredth 
part of the light wo receive from Alpha Gentauri j it 
follows that the latter star, if removed to the distance 
at which 61 Gygni lies from us (when its light would 
of course bo diminished to one-ninth of its present 
value), would outshine either component of that double 
star more than 11 times. Hence (on the assumption 
that brightness is a fair measure of real dimensions), 
each component lias a diameter less tlian one-third that 
of Alpha Gentauri. We may roughly estimate the 
volume of each at about -giyth of that of the latter 
star. 9o that, remembering what has already been 
shown respecting the relation between Alpha Gentauri 
and our sun, the two suns which form the double star 
61 Gygni would each have a diameter equal to about 
•^ths of the sun’s, and a volume equal to about ii^ths 
of his. The sum of their volumes woxrld be therefore 
about one-third of his } and it will presently appear 
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that a perfectly distinct method of estimation tends 
show that the sum of their masses bears about 
same proportion to the sun’s mass. 

But here at once we have evidence that there is « 
very wide range of magnitude among the fixed stiti’S* 
We have seen reason to believe that Sirius is 2>68S 
times as large as the sun, while each of the snw h 
forming the double star 61 Cygni would appear to 
have a volume less than one-fifth of our sun’s, n-rtcl 
therefore less than g^ths of the volume of Sirius. So 
that, by considering only three cases, w:e have fo^■^ncl 
tolerably clear evidence of a range of variety in voliitnG* 
reminding us forcibly of that which we recognieo In 
the solar system. We cannot suppose that these tUroo 
cases, which have been selected at random— so far tvs 
the question of volume is concerned — indicate anytliingf 
like the real limits within which the fixed stars diifer 
in magnitude. So that we may confidently accept* ns 
the most probable conclusion from the evidence bofox'o 
us, that the range of real magnitude among the ilxocl 
stars is very far greater than Sir W. Ilerschel wna 
led to anticipate when, nearly a century ago, he begtvtv 
his researches into the sidereal system. 

But it IS not sufficient that we should thus form rv.n 
estimate of the nature of the fixed stars from tlio 
amount of light they send to us. It is desirable— an cl 
fortunately it is practicable — to obtain information, ns 
to the absolute mass or weight of some of the Bxod. 
stars, and further, to ascertain of what substances tlxoy 
may be composed, and in what oondition those BU.b~ 
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siances may ezisti Mere lights, however glorious, or 
liowever wide the sphere within which they displayed 
their splendours, would not be fit to sway the motions 
of orbs resembling those which circle around our sun. 
Nor would such lights serve to indicate to the astro- 
nomer that, out yonder, myriads of millions of miles 
beyond the eztreme limits of the solar system, there 
exist materials suited to form the substance of worlds 
resembling our own. 

It seems a strange circumstance that astronomers 
should be able to form a more exact and trustworthy 
estimate of the weight of certain fixed stars than they 
can hope to form respecting the volume of any of those 
bodies. 

Let us consider the evidence. 

I have spoken of the star 61 Cygui as a double 
star. The smaller star shows very oleiu' indications 
of orbital motion around its primary. That the two 
are associated together, and not merely seen (os it 
were by accident), nearly in the same line of view, is 
indeed certain, because that peculiai'ly large proper 
motion already referred to is shared in by both. But 
many stars may be xihysioally assooiatod, and yet the 
distance really sepai’ating them may enormously exceed 
pat by which they seem to bo sepamted— since the 
line joining them is not necessarily square to the line 
of sight. The components of the star 61 Oygni have 
been carefully watched, however, and their motions 
show that they are oiroltng round each other in a 
plane nearly square to the lino of sight. The distance 
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floparadng thorn is probably about half as large 
ns tho distance of Noptuno from tho sun. 

Tho period of rovoluMon appears to bo about ^20 
years, which is more than tliree times as groat ii« 
period of Neptune. Now wo know that a planet, 
placed at a distance from tho sun equal to that wJiioh 
separates the components of 61 Oygui, would ocjoupy 
tt much less period than 620 years In complotinff a 
revolution ; in fact, its period would bo about BOO 
years. Hence it follows that tho oompononta of Cl 
Oygniare attracted together loss forcibly than Nap tune 
is attracted towards tho sun, and thoroforo tlui.t tho 
sum of their masses must be less than tho sun’s muss. 
It is easy to compute tho actual proportion, and wo 
find, on doing this, that tho two oomponoutB of 61 
Oygni, taken together, weigh about one-third os much 
ns our sun.' 

Tho star Alpha Contaurl is also a binary syaUira, 
and though it has not boon so systomatioally observed 
as 61 Oygni, sotno astronomora bollovo that Ita jmriocl 
has boon ovon more satisfeotorily dotorminod. Ittcleod 
thoro aro poouliaritios in tho motion of 61 Oypii 
which, without throwing doubt on tho general ocmola- 
sions deduced above, yet siiggost that a third (probably 
oimque) orb affects the motions of tho other two. 3^Jtn 
a caroM oompariaon of all tho observations maclo in 

* U uiiiy bo oasli/ shewn libnl U a pair of liodlofi oIroUng aroand 
oooh other at a oortiiln dtetanoo taho a curtain Utno 'JD In nSaofcing a 
rovolutiou, whilo aupthor pair at tho snmu distonoo taka a bLmsi, 
thu former pair, tfikon togothor, huvo a wolghll whloh botutt bO libs 
wulghi of Dio lattor pair tho Milo of t* to T*. 
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r^eoent times on Alpha Centanri, Mr* Hind has as 
signed to the oomponents a period of revolution oi 
about eighty-one years^ and a mean distance of 13*6 
seconds of are, corresponding to a real distance ex- 
ceeding the earth^s distanoe from the sun some fifteen 
times. Since a planet placed nt this distanoe from the 
sun would occupy less than sixty years in completing 
a revolution round that body, it follows that the mass 
of the two oomponents of Alpha Centauri must be 
leas than that of the sun. This result (if the data 
be oonsidered trustworthy) would indicate a consider- 
able difference between the condition of the star and 
that of our sun } for we have seen that the star gives 
out much more light than the sun. However, I 
believe that many years must elapse before we can 
regard the period of Alpha Centauri as satisfactorily 
determined.^ 

Still, we have conclusive evidence in this case, as 
in that of the star 61 Oygni, that the component stars' 

‘ Mr. Powoll fluppUos tho most satisfactory olomonts of tho 
orbit yet given, slnoo ho founds his ostimate on n moro oomxiloto 
soi'los of obsorvntlons. Ho assigns to tho system a period of 76 J 
years, ond a moan distanoe of 20U3 sooonds of arc, oorresponding 
to a real distance about 22 times os groat ns tho earth's disbanoo 
from tho sun. A planet at this dlstanoo from tho sun would occupy 
about 108 yoars In oomploting a rovolution. Honoo tho mass of 
tho two oomponents of Alpha Oontauri turns out to bo greater than 
that of the sun— Instootl of loss, oa wlmn Mr, Hind's olomonts wore 
used. This corresponds with tho moasurpmont of the star's light, 
though tho disproportion of tho massoa oaloulatod In this way is 
not so oonsldorablo as it would bo If tho masses wore Inferred from 
the light of Alpha Oontauri, By applying tho fomrula of tho pro- 
poding noto, It will easily bo found that with Mr, BowoU's olomonts 
tho mass of Alpha Oontauri (both oomponents) equals about twioo 
that of our sun. 



228 OTHER WORWS fll^lN QVM. 

are really bodioB of ouormouB weight, and oouBDtjiumtly 
well fitted to Bway tho motious of fomilioB of plmiotfl. 
We oonoludo, therefore, that tho fixed Btara gonornlly 
are euiw, not more ligUa \ and further, wo aro lod to 
boliovo that there muHt bo a general aimilarity in the 
eondltionB under which theHo bodioB and our own sun 
omit liglit. And thus wo aro led to rooogiiiHe otlier 
stare also— though yet unwoighod~~U8 inaaeivo orb», 
not merely aupplying light to other worlds travolliug 
around them, but rogulatlng by tlioir nttraotivo in- 
Ituonces tho orbital motioHH of their dependent worlds. 

But wo owe to the rovolutionB of tho Bpootrosoopo 
the oomploto proof of thoao mattora, beeldoB ovidouoo 
ou other and equally interesting points. 

It had long boon known that tho apoctra of tho 
fixed stars present a general rosoinblanoo to tlio Bolar 
spootrum, though of oourso very inuoh fainter | and 
that dark llnoB can bo soon in thoBO epoetra, aomo of 
which correspond with thoeo in tho Bim’s epeotrum 
while othorfl eoein to bo now. So Boon as the groat 
dlaeovory otTootod by Klrohhoff bad been announced, 
it was Been at once that thoBO dark liaea la tho Btellar 
Bpeotvfiaflbrd tho means of determining the oonatltution 
of tho BbvrB. It was only neoesBary that those lines 
should bo identified by their oorroBpondenoo with tho 
linos belonging to known olemontfl, in order to prove 
that these elementB exist in the Babatanoe of the Bto. 
But olthough tho prlnoiplo on which rosearohos wore 
to be conducted waa sufllolontly aimplo, many dlffl- 
oultics had to bo encountered. Indeedi the attempts 
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mado by Airy, Socohi, and Rutherfurd to solve the 
problem of determining the constitntion of the stars by 
means of speotroseopio analysis were unsuccessful 5 and 
it was not until Mr. Huggins and Professor Miller 
commenced their famous series of researches that the 
problem can be said to have been fairly mastered. 

Even in the hands of these eminent physicists the 
work was diflioulfc and its progress tedious. The 
weather necessary for the successful prosecution of so 
delicate a method of inquiry does not often prevail in 
our variable climate. The comparison between the 
dark lines in the stellar spectra and the bright lines 
belonging to various elements was not only a delicate 
and laborious task, but was singularly painful to the 
eyes. And other difficulties into which I have not 
space to enter hero had to be encountered and over- 
come. 

But undeterred by these diffioulbios, the two phy- 
sicists persevered in their researches, and were rewarded 
by results so interesting and important that their dis- 
oovery may bo said to constitute the most remarkable 
era in the history of sidereal reseomb since the com- 
pletion of the star'gangings of the elder Herschel. 

Two bright stars, Betelgeux, the leading brilliant of 
Orion, and Aldebaran, the chief star of Taurus, were 
examined with special care. Mr. Huggins remarks 
that the spectra of these stars are as rich in linos as the 
solar spectrum itself. The places of no less than eighty 
linos in the speotrura of Betelgeux were accurately 
measured, while as many as seventy lines had their 
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places assigned to them in the spectrum of Aldo^ 
baxan. 

With respect to the former spectrum, Mr. 
remarks that it is most complex and remarktvblo* 
^ Strong groups of lines are visible, especially in bho 
red, the green, and the blue portions * \ a peculiar! fcy? it 
may be remarked in passing, which serves to nccotitifc 
for the well-marked orange colour of this star. 

Now here already we have very decided evidenoo aa 
to the nature of the star ; since the very fact that its 
spectrum presents the same general appearance as bhe 
solar spectrum proves conclusively that the star is an 
incandescent body, whose light comes to us thi’oxigh 
certain vapours corresponding to those which surround 
the sun. Nor should we be able to regard the star as 
other than a sun, even though none of the elements 
known to us should appear to be present in its eub-^ 
stance or in the vapoura surrounding it. For clearly 
we have no reason for believing that worlds cam bo 
formed out of those elements only with which we arc 
.4 acquainted, unless we find as we proceed that ttoao 
elements actually do compose the suns which form the 
sidereal system. Of course, if this shall appear to bo 
the case, our conclusions respecting the nature of the 
stars will .he very much strengthened. 

Now, when Professor Miller and Mr. Huggins com- 
pared the lines in the spectrum of Betelgeux with 
the bright lines of certain terrestrial elements, they 
found that some of these elements do actually exist 
'K f;; 1?^ vaporpus envelope of the stars* Thus sodluit\| 
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magnesium, calcium, iron, and bismuth aro present in 
Betelgeux. The lines of hydrogen, which are so well 
marked in the solar speetvum, are not seen in the spec- 
trum of Botelgeux, We aa’e not to conclude from this 
that hydrogen does not exist in the composition of the 
star. We know that certain parts of the solar disc, 
when examined with the spectroscope, do not at all 
times exhibit the hydrogen lines, or may oven present 
them ns bright instead of dark lines. It may well be 
that in Betelgeux hydrogen exists under such condi- 
tions that the amount of light it sends forth is nearly 
equivalent to the amount it absorbs, in which case its 
oharaoterlstio lines would not be easily discernible. In 
fnot, it is Important to notice generally that while 
there can be no mistaking the positive evidence 
afforded by the spectroscope ns to the existence of 
any element in sun or star, the negative evidence 
supplied by the absence of particular lines is not to 
be regarded as decisive. 

In the case of Aldebarnn the two physicists were 
able to establish the existence of sodium, magnesium, 
hydrogen, calcium, iron, bismuth, tellurium, antimony, 
and mercury in the vapours surrounding the star. 

Besides these stars fifty others wore examined. 
The brilliant Sirius exhibits a spectrum of great 
beauty, though the low altitude which this star attains 
in our latitudes renders the observation of the finer 
lines exceedingly difficult. But the two physicists 
were able to show that sodium, magnesium, hydrogen, 
and probably iron, exist in this gigantic sun, 
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All the stars examined exhibit spectra crossed by 
numerous Hues, and in a great number of the spectra 
lines belonging to known terrestrial elements wore 
detected. 

And now let us consider the general bearixi£t 
these interesting discoveries. 

In the first place, we are forced to recogniso in 
the stars reaZ swu'Sf not mere lights. Doubtless 
well did well, in pointing out that astronomers bad 
no right to regai-d the stars as suns until they bad 
some evidence that these orbs resemble the sun In 
other respects than in size, mass, or luminosity, And 
as in his day it appeared altogether unlikely that such 
evidence should be obtained, a real limit seemed placed 
to the speculations which men might form as to the 
existence of other planetary systems besides tlioae 
circling around the sun. 

But now we have precisely that evidence wliioh 
Whewell required. We see that the stars are coneti- 
tuted in the same general way as the sun, and that 
further they even contain elements identical with tlioso 
which exist in his substance. There is not inde0d in 
every ease, perhaps there may not be in any case, an 
exact identity of composition between the stars and oiir 
sun, or between star and star. But this was no mox*o to 
have been looked for than an exact identity of iihyaiool 
habitudes amongst the members of the solar system. 
That general resemblance of structure which indioatoa 
a general resemblance in the purposes which the oolog. 
tial bodies are intended to subserve^ is undoubtedly 
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evident when we compare the atnra either with our sun 
or with each other. 

I have already spoken of the conclusions to be 
drawn from the existence of the same materials in the 
substance of the sun that exist around us on this earth. 
I have shown that we are compelled to regard this 
general resemblance of structure as sufliciont to prove 
that the other planets resemble the earth, since we 
have no reason to believe that our earth bears an 
exceptionally close resemblance to the sun ns respects 
tho elements of which she is composed. 

Since, then, wo have rotvson to believe that all tlie 
planets which circle nronnd the sun are constituted of 
the same materials which exist in his substance, though 
these materials are nob necessarily nor probably com- 
bined in the same proportions throughout the solar 
system, we have every reason which analogy can give 
us for believing that the planets circling around Betel* 
geux or Aldebaran are constituted of the same materials 
which exist in the substance of tholr central luminary. 

Thus wo are led to a number of interesting coii- 
ohisions even respecting orbs which no telescope that 
man can construct is likely to reveal to his scrutiny. 
The existence of such elements as sodium or calcium 
in those other worlds suggests tho probable existence 
of tho familiar compounds of those metals — soda, salt, 
lime, and the rest. Again, the existence of iron and 
other metals of the same class carries our minds to the 
various useful purposes which these metals avo made 
to subserve on the earth. We are at once invited to 
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recognise that the orbs oireling around those dts* 
tant suns are not merely the abode of life> 
that intelligent creatures, capable of applying t-lieso 
metals to useful purposes, may exist in those worlds. 
We need not conclude, indeed, that at the present 
moment every one of those worlds is peopled witli in- 
telligent beings, because we have good reason for be- 
lieving that throughout an enormous proportion of t-bo 
time during which our earth has existed as a world, no 
intelligent use has been made of the supplies of metftl 
existing in her substance. But that at some time oi* 
other those worlds have been or will be the abode of 
intelUgent creatures seems to be a conclusion, very 
fairly deduoible from what we now know of fcliclr 
: probable sfruoture. 

’ ; But secondly, apart from the information afforded 
by the spectroscope respecting the materials of wliioli 
the stars are conaposed, the nature of the stellar apeofera 
serves to prove most conclusively that the starsy bosldee 
supplying light to the worlds which circle around tliem, 
radiate heat also to them. Even if we were not cor- 


tain that ebmentS i which are only vaporised at a. vory 
high temperature exist in the vaporous envelopes of 


the stars, yet.the very nature of the light sent otiti by 
the stars indicates that these orbs are inoandesoent 
through , intensity/ of heat. When we find that the 
spectrum of , the. inooh’s light resembles the solar spec- 
trum, we dp not', indeed cpuolude that the mopii js tts 
intensely heated as the sun, because' we know that the 
moon is not selifiapni^Bj --/Birt 
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latninoua bocUeB liko the atara, we oau conohide from 
the very nattiro of their spectra that these orbs are 
intensely heated. Of course we are rendered abso- 
lutely certain of this when wo find that iron and other 
metals exist in the form of vapour in the stellar atmo- 
spheres. 

The vast supplies of heat thus emitted by tho stars 
not only suggest the conclusion that there must be 
worlds around these orbs for which those heot-supplies 
ere intendod> but point to the existence in those 
worlds of the various forms of force into which heat 
may be transmuted, We know that the sun’s heat 
poured upon our earth is stored up in vegetable 
and animal forms of life ; is present in all the phe- 
nomena of nature — in winds, and clouds, and rain, 
in thunder and lightning, storm and hail; and that 
even the works of man aro performed by virtue of tho 
solar heat-supplies. Thus the fact that the stars send 
forth heat to the worlds which circle around them 
suggests at once the thought that on those worlds 
there must exist vegetable and animal forms of life ; 
that natural phenomena, such as we are familiar with 
as duo to the solar heat, must be produced in those 
worlds by the heat of their central sun 5 and that 
works such as those which man underUilces on earth 
■ — works in which intelligent creatures use' Nature’s 
powers to master Nature to their purposes— may go 
on in tho worlds which circle around Aldobaran and 
Betelgeux, around Vega, Capella, and the blaaing 
Sirius. 
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Recently it has even been found possible to render 
the stellar heat sensible to terrestrial observation — by 
methods which need not here be inquired into, ISTfryj 
the task of measuring the amount of heat reoeivocl 
from certain stars has not been thought too diffionlti 
Mr, Stone, making use of the powers of the great 
equatorial of the Greenwioh Observatory, and ingo* 
nioualy overcoming the numerous difficulties which 
exist in a research of such exceeding delicacy, has 
arrived at the conclusion that Arotiirus sends us about 
as much heat as would be received from a throe -inoU 
cube full of boiling water, and placed at a distance 
of 383 yards, Vega, which shines, according to Sir 
J, Herschel, with about two-thirds the light of Arc- 
turns, gives out about the same proportionate amount 
of heab,^ But in other instances tho heab-giying 
power of a star has not been found proportional to the 
amount of light it emits. 


' Although these results oannofc yot boroguulcU w aumerloally 
oxaot, it may be Interesting to consider the atnouiit of boat given 
out by Aroturus In relation to the light sent ua by this star, Lho 
more so as this star seems (from the nature of Its Bpootrum) to ro- 
seiiible the sun very olos61y in constitution. 

The light sent to us by Aroturus Is equal to about throo-fourtlia 
of that supplied by Alpha Oontanii, or about part of tlio 

light wa receive from the sun. Now Mr. Stone estimates tho cltroob 
heating^ effect of Aroturus at 0'>’00,000,127 ffahronhelt, mahlne 
of the oMeot-gloss in ooneontratinff 
aM the heat. It will bo seen at onoo tlmt, aoeortling to 

this estimate, the heating power of Aroturus boars a veiy nuioh 
neater proportionrto that of the son than the rospeotlZ llghJ 
of the lemiDorlos bear to ©aoh other. This sooms 
kL^nnt.7 J***® oon-ootnoss of the oaUmoto cither ol 

0 light-giving or of the heat* giving power of the «tar^ 
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The variation of many fixed atavs in lush'e at once 
forme a new bond of association between tlie stars 
and the sun — ^wbioh wo have seen to be in reality a 
variable star — and euggosts interesting inquiries ns 
to the existence of variation in the omission of hoot. 
Some of the stellar variations of light are so much 
more moi’kod than those noticed in the ease of our 
•own enn that we can scarcely conceive how oroatiiros 
resembling any with which wo are acquainted could 
endure the effects of correspondingly important varia- 
tions of heat} nay, in some instances wo seem com- 
pelled to withhold our belief in the existence of 
habitable systems around certain fixed star’s. The star 
Eta ArgCis, for example, whioli sometimes bhixes out 
with a light surpassing that of any of the stiu's in the 
northern hemisphere, while at other times it falls to 
the sixth magnitude, can hardly bo regarded as fit 
to be the centre of a system of worlds. I pass over 
such variable stars as the one which recently blaaod 
out in the Northern Crown, because in a case of this 
sort the star may he regarded as really a small orb, 
and its sudden lustre ns due to some exoeptioiuil 
boourronoe, leading (as the spectrum of the star 
seemed to show) to a temporary oonflagration. But 
Eta Argfts, and Mira Oetl soom to belong to a dif- 
ferent category altogether, since it is probable as 
respects the former, and certain ns respects the latter, 
that their appearance as stars of the loading magni- 
tudes is not aooidental, but part of a systematic series 
of changes, 
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It remaina only to bo mentioned that, beBicies light 
and heat, tho atara emit aotlnJo rnyai This ia proved 
deelsively by the foot that tho stars oan ho mado to 
photograph thomselvoa. It has boon found, howovor, 
that the aotinlo power of a star, like its boat-giving 
power, Is not by any moans proportional to tho star’s 
light 8o tliat in this roapoot, as in tho watorial 
oonstitution of tho stare, wo find spooido varioties oven 
amid those vory fenturos which indloato most strikingly 
the general resemblanoo which exists betvroon the suns 
conslitutlng tho sidereal system. 


To sum up what wo have learned so far fram the. 
study of tho starry hoavons— wo see that, boaidea our 
Bun, there are myriads of other siuis in the linmeiisity 
of spaee } that these suns iiro largo and mosslvo bodies, 
capable of swaying by their attraotlon systems of 
worlds as Important as those whioh olrole around the 
sun j that those suns are formed of olomouts similar to 
those whioh constitute our own sun, so that the worlds 
w uch circle round them may be regarded as in all 
’probability similar In' constitution to tlds earth) and 
that fi-om these suns all tho forms of force whioh we 
knew to bo noooBsary to the existence of organised 
beings on our earth too abuudontly emitted, It seemi 
reasonable to conclude that these suns ore ghb round 
by dependent system? of worlds. Though wo oannot, 
as In the ease of the solar Bystem, ootualiy soo #ttoh 
worlds, yet the mind presents them before us, various 
m she, various in ?i»uoture, infinitely various tn their ! 

physioal condition aftd Habitudes, 
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CHAPTER XI. 

OF MINOR STARS, AND 6F THH DISTRIBUTION 
OF STARS IN SPACE. 

It has been so long a received opinion that a general 
uniforinity of magnitude and distribution obaraoterises • 
tho stellar system that it is with some diflBdenoe I 
venture to express a different view. And here let me 
not be misunderstood. Z am fully sensible that it is 
only in certain popular treatises of astronomy that a 
belief in anything like a real uniformity of structure 
in the sidereal system is attributed to astronomers of 
authority, It is not any such imaginary theory that 
I have now to deal with, however ; but with opinions 
which have found a place in the works of astronomers 
from whom I very unwillingly differ. 

I propose to exhibit the reasons which have led mo 
to believe that, so far from knowing the real figure of 
the sidereal system, astronomers have not been able to 
penetrate to its limits in (my direction ; that leading 
stars, such as those discussed in the preceding chapter, 
are distributed throughout space to the very farthest 
limits and beyond the very farthest limits that our 
most powerful telescopes can attain to j that the stars 
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are ai'ranged in groups and clustering aggregations, in 
streams and whorls and spirals, in a manner altogether 
too complex for us to hope to interpret ; and that in 
these aggregations stars of all degrees of real magni- 
tude are mixed up, from suns as large as Sirius down 
to orbs which may be smaller than any of the primary 
planets of the solar system. 

Let us consider step by step the evidence we liavG 
on these points. 

We know, from the existence of double, triple, and 
multiple stars, in which the components are often very 
unequal in splendour, that combinations of stars exist 
in which one or two may be suns like our own, whilo 
the rest, or some of the rest, are relatively minute* 
This, however, has of course long been known 5 and it 
is only as a preliminary step in the investigation that 

I here advance so trite an instance. 

Next let us consider such star-clusters as contain 
orbs of the eighth or ninth magnitude, besides a mul- 
titude of minute stars. These clusters must of oourso 
be regarded as lying within the sidei’eal system, since 
no external galaxies could reasonably be supposed to 
contain orbs so infinitely transcending even Sirius in 
magnitude as to shine fi^om beyond the enormous gai> 
separating us from such galaxies with a light- exceed- 
ing that derived from many stars within the sidereal 
system. Now, regarding these clusters as forming 
part and parcel of the sidereal system, we find in the 
existence of multitudes of minute orbs within their 
range a proof that diversity of magnitude in sohemoja 
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of associated stars is to be regarded as a feature of 
certain parts, at any rate, of our galaxy ; and we shall 
therefore be the less surprised if we should find reason 
for believing that it is a eharaoteriatio femUa/rity of 
the galactic system. 

Now with regard to the nobulte (resolvable and irre- 
solvable), and their claim to be regarded as external 
galaxies,! shall have much to say farther onj but I 
may remai'k in passing that we have precisely the same 
reason for believing that many of these objects lie 
within the range of the solar system, as have been 
already considered in the case of star-clusters. Their 
component stars, to be visible at all, miat fall within 
the range of distance which astronomers have assigned 
to the boundaries of the galaxy, since some stars even 
within this range cease to be separately visible in the 
most powerful telesoopes man has yet constructed. So 
that when in these objects we see a few or many dis- 
tinct stars, and amass of nebulous light which we judge 
to proceed from an indefinitely large number of rninnte 
stars, we again have very decided evidence of the fact 
that in one and the same region of the sidereal system 
there may exist leading stars (so to speak) and innu- 
morabl© stars relatively minute* 

With considerations such as these (and I might add 
many others) to guide us, let us proceed to examine 
the teachings of the Milky Way itself, that wo may 
see whether that wonderful zone indeed represents, as 
has been thought, the sidereal system itself, or only 
an aggregation of minute orbs altogether insignifioant 
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geparately, in comparison with our aun or Sirius, Ald^ 
baran or Betelgeux, Vega or Arcturus. 

The star-gauging of Sir W* Hersohel, interpreted 
according to his hypothesis of stellar disfcribut>i<^^> 
pointed to an extension of the Milky Way laterally 
to a distance exceeding some eighty times that 
separates us from the first-magnitude stars/ So 
regarding sixth-magnitude stars as on the average 
about ten times as far from us as those of the fir»b 


magnitude (the usual estimate), we see that the out or* 
most paits of the galaxy must lie (according to Sir *W • 
HersohePs theory) about eight times as far from VLB tiB 
the sphere of the sixth-magnitude stars. Now Sir 
John Hersohel was led by his observation b of the 
southern heavens to so far modify his father’s theory 
as to describe the Milky Way as probably shaped like 
a flat ring, the stars down to the tenth xnagnittide 
being in a sense dissociated from the ring, while he 
regarded the probable distance of the outermost li mite 
of the ring as 760 tim^s instead of but 80 times the 
mean distance of the first-magnitude stars. This 
difference of opinion, it may be remarked, though 
obviously not suiprising when we consider the enor- 
mous difficulty 6f the problem presented by the sidereal 
systemy is yet sufficient to indicate the probability that 
an important .^ror has been made in the hypobhee li^ 
which underhes the accepted theories xes^ 
galaxy. But, || this as it niay, in regarding fche;jMEH3^ 
Way as shaped lil^e a flat ring (cloven throiigh|. 
half of its -'oifdutiiferbnde)--: 
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roaembleB gonernlly tlio space botwoon the dark con- 
centric circles in the noooinpanylng figure (in which 



Fig, a.~.a’ho aiUftoHo Olovon Flat fling (plnn). 


SB equals eight times SA), I have not adopted a 
sbruoturo which ecaaggeralea the diffloultlos presented 



Fig, 8,-- Tbo QalnoUo Olovon Flut Bing (nootlon)* 

by the disc or ring theory of the Milky Way. The 
croBs-sootlon would be somewhat as shown in fig. S. 

Now, ftooepthig bhisinodiaed figure, as better ac- 
cording with the results of star-gauging than Sir W. 

«3 
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Hersoh ©re theory that the Milky Way forms a cloven 
diBo, let ns consider whether any peculiarities of the 
Milky Way seem to oppose themselves to this inter- 
pretation of its structure. 

In the first place, then, there is a gap or rift ex* 
tending right across the single part of the Milky Way 
in the constellation Argo 5 so that we must conceive 
that from S towards 1, in fig, 2, the flat ring is broken 
through by some such rift as is indicated by the broken 
lines in that direction, Next there is, in the constella- 
tion Crux, a pear-shaped vacuity of considerable size, 
and bounded by well defined edges ; so that we must 
conceive that from S towards 2 (fig, 2) the . flat ring 
is tunnelled through by some such passage as is indi- 
cated by the dotted lines in that direction, A similar 
tunnelling, but of different cross-section, must exist in 
direction S 3 (as shown by the dotted lines) to account 
for the dark gap in the constellation Oygmis, Nexti 
where the Milky Way is double, a large portion of one 
branch is discontinuous, so that the upper part of the 
double portion of tbe ring in fig. 2 must be supposed 
/emoved between the broken lines from S to 4 and 6, 
Over the so-called double stream there are in places 
strange 5 conYolutions, in others numerous branching 
and interlacing streams, whose complexity indeed 
defies description ; bo that the portion 3 B 2 of tire 
ring must be supposed corrugated in A the strangest 
way, and fmther to throw out plane and pur yed sheets 
of stars present^ ; tangeh^ towards S* - Lastly, 
the single portion pMhe Milky Way is veiry faint indeed 
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towards 6, so that here we must, conceive its figure 
trenched in upon in the way indicated hy the dot-and- 
peckline. 

Thus, even without considering a multitude of 
minuter peculiarities of stmotvu-e, we are led to the 
conclusion that the Milky Way, judged acoordingto the 
fundamental hypothesis of Sir W. Herschel, has some 
such shape as I have endeavoured to exhibit in the 
accompanying figure. Although I have not indicated 



Pig. 4. — Tha Qalftotlo Plat King modiftod in accordanos with 
tbo obsorvod poouUaritiea of the Milky Way. 


here the corrugations of the ring, nor a tithe of the 
various overlapping layers which would be required to 
account for the appearance of the Milky Way between 
Centaurus and Ophiuohus, yet the deduced figure is 
by no means inviting in its simplicity. It is, however, 
absolutely certain that the sidereal system, as far as its 
more densely aggregated star-regions are concerned, 
has some such figure as this, if we are to accept the 
principle of Sir W. Hersohel’s star-gaugings. 



i,\6 omm WOMLM TMAM OCTiW. 


Kow, in turning ovw thoughU to tho reoognitluti of 
A more Btmplo ospliumtion of observed nppeftnuioea, it 
will bo well thnt wo Hlioiild conBldor some peoallarlU^si 
of the Milky Way wlUch wo bavo not yot nttendod to. 
In the first place, I would invito Attention to » 
liarlty obsorvod by Sir John Howahol in different 
parts of tbo galaxy— tbo fact, nainoly, that in plncM 
the edge of tbo Milky Way is quite sharply doflued. 
One half of a toioBcoplo Hold of view may be quit® 
clear of sUira, or ahow only a fow stmggUng orbs, 
wbilo tbo other half prosoiits what has boon tmlled a 
‘ Milky Way flold —that la, a region profuaoly tiirinklotl 
with Btars, tbo boundary botwoon the two iiortlona 
being woU defined. Whan wo boo that a olnator of 
objoota proBonta a wcll-dofinod odgo, wbat conoluaion 
do va draw as to tbo position of tbo objoot? In it not 
in suob ft oftso absolutoly oortoin that the diwtiwiM of 
tbo oliistor onormously oxooedB tbo dislunee toetwoen 
lift oomponont pa,rt»— or in other words, bh«b tbo 
observer 1 b far outeido the oluBtor? Many iimtoneea 
will at onoa suggest thomsolvoH to the reader in tUus* 
trablon of this remark. 

We oonolude, then, that those j^rtionH of the Milky 


Way, ot any wtoi ■whothor they be regarded nn |irojeo» 
tiona or nodulcA, are definite olnstering ftgg:£#gatIoni 
very far fftinqved fifow tii» Other portu of the Mttky 
Way wwq/ also bo removed bodUy, so to to ; 

enormous diatoswaii IwoinMie a|||a||ir vA hot ■ * 

a doflnito edgolJ^oy 
hns ] but certainly portions 
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Next let 118 consider wiat opinion we may found 
on the existence of dark regions in the Milky Way 5 
and liere I refer not merely to such large and obvious 
vaouitiea as the Coal-saok in Crux or the oval opening 
in CygnuB, but also to small openings, in which, though 
they occur even in rich regions of the Milky Way, 
there is not, according to Sir W, Herschel’s descrip- 
tion, even a telescopic star to be seen. 

Judged apart from preconceived opinions, such open- 
ings as these, according to all laws of probability, 
indicate that the portion of the Milky Way in which 
they occur has not a very great lateral extension. To 
return for a moment to fig, 2, it will be seen at once that 
an aperture extending laterally through a star system 
BO shaped must have a particular direction and be 
perfeotly straight in order to be visible to observers 
placed, ns we are supposed to be, in the central open- 
ing. It is altogether improbable that one snob open- 
ing should exist by accident, and absolutely impossible 
that many should.* We are forced, therefore, to infer 
that, instead of the enormous lateral extension assigned 
to the Milky Way, the galaxy has in these places 
certainly, and elsewhere probably, a lateral extension 
not greatly exceeding its depth. 

It is farther to be noted that the lucid stars over 

> Sit John Hersohol dlgtlnotly indtonted this inference, as he 
did’ innny other matters which mnico strongly against the reoelved 
theory ot the stdoroal syetom. Nor was ho nnoonsolons of their 
boEVvlng. Apparently unwilling to press them to thoirfull extent, 
ho was oommonly satlallod by noting that they do not seem to ao- 

oord with views ho had olsowhore dwelt upon. 
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the zone of the leavens which is occupied by the 
galaxy show a very decided preference for the pwta 
of that zone which are actually traversed by the Milky 
Way. For instance, we find no stai's above the fiftk 
magnitude, and very few of these in the Coal-saoica, or 
in the rift which crosses the Milky Way in Argo ; or, 
again, in the space which lies between the two branches 
where the Milky Way is double. If this is an accident 
it is a very extraordinary one, especially when, it is 
remembered that the region where it occurs is the very 
part of the heavens where stars of all magnitudes may 
be expected to he most profusely distributed ; that the 
spaces thus left vacant form no inconsiderable aliquot 
part of that zone 5 and that, according to the aooep>tecl 
theory, there is no reason for expecting any peculiarity 
of the sort. 

Thus, again, setting aside preconceived opinions, 
and judging only according to the evidence, we seem 
led to regard the coincidence as not accidental, but 
as indicating that there really is a very close as- 
sociation between the bright stars and those small 
stars forming the milky light, which, according to 
the accepted theory, lie so many times farther from 
as. 

But this opinion is absolutely forced upon us when 
we apply a rigid process of examination to the evidence 
we have respecting the distribution of the lucid stai’s 
over the galactic zone. So far as I am aware, tbis has 
not hitherto been attempted. Indeed, independently 
of the fact that I haye hot paet with any referenoe to 
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«uoh on inquiry, although I have had occasion to study 
very carefully all the works bearing on the subject, I 
foel confident that the examination I refer to has never 
yob been attempted, because I am sure that if it had, 
the result must have been the adoption of views alto- 
gether different from those at present accepted. I shall 
have occasion, farther on, to exhibit the method by 
whioh the following results have been obtained, and 
therefore I content myself in this place with simply 
staling them! — 

The Milky W ay covers -^ths of the whole heavens, 
while the gaps and lacunoein the Milky Way cover 
about l- 62 nd part. In the Milky Way there are 1,116 
lucid ators 5 in the gaps and lacunoe only 20 . So that 
if the whole heavens were as richly covered with lucid 
stars as the Milky Way, there would be 11,681 stars 
visible to the naked eye, instead of the 6,860 actually 
seen. Bub if the whole heavens were no more richly 
strewn with stars than the gaps and lacunas in the 
Milky Way, there would be but 1,240 lucid stars. 
The Milky Way is, in/me, no less tJim nine times as 
richly strevm with Uidd sta/rs as its givps and, laeun<e, 
whereas aooord/ing to the acoeptad, views no smh 
pemlioA'ities are to be looked, for in the ddstribw- 
lion, of Jneid, stars over the galaotio zone. 

We have here a statistical fact which rmst be 
accounted for in forming a theory of the sidereal 
system. I have, indeed, no hesitation in saying that it 
is the most remarkable feature of the stellar heavens. 
No one who appreoiatea the laws of probability will 
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ascribe it to mere ohanoe distribution.' Where, then, 
is the cause, unless we accept the obvious and airnple 
explanation that the Milky Way seems to he thus 
associated with lucid stars because it is associated with 


them — that in place of being, as has so long been 
supposed, a congeries of suns many times more distant 
than the lucid stars, it is formed of myriads of rela- 
tively minute orbs compared with which those lucid 
stars are as the giant planets of our solar system com- 
pared with the asteroids ? 

It is very clear, then, what views we are to form 
respecting the Milky Way. If the galaxy is, Jl/rsl, 
a olustering aggregation separated from us by an 
interval comparatively clear of small stars ; eeoondip, 
so shaped that the cross-section of the stream is every- 
vrhere hot far from a roughly oiroular figure } and 
thwdly, associated very closely with the bright stars 
seen in the same field of view, then must its struc- 
ture be somewhat as shown in fig. 6, in which the 
discs represent lucid stars (very much exaggerated 
of course in size), while the fine dotting represents 
the spiral of relatively minute stars, olustering along 
the spiral group of leading stars. It will be seen 


at once how, to an observer placed atS, the various 
features of . the , Milky Way can be accounted for 
by this figure., Towards a would lie the gap in 

* If the olond^iof a fliiinmw 0ky acretyed thomsolvos In rank and 
aic 00 as exaotjly toliOprrespond to the panes ol' tjtiei windo w bbrongh \ J .flj 
which I view thorn os I , wri^i I ehonld not rogird the ooino^oupe ; • 
as more amazing than that involved by the'oh^ryed 
th 0 stars if those rolatloiui are; 4 oe to;ph^C 6 '^|&tiibutlo^^^ ^ . 1 ’ .= 
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Argo ; towards b two branches, one faint, and in part 
evanescent throxigh vastness of distance, the other 
forming the brightest part of the spiral; towards d 
the projection in Oephens; towards e the faint part 
of the Milhy Way in Gemini and Monoceros. The 
Coal-sacks would be simply accounted for by con- 
ceiving that branches seen towards the same general 
direction, but at different distances, do not lie in the 
same general plane, and so may appear to interlace 



Fig, 6.— The Milky V7ay regarded as a Spiral, 


upon the heavens. We are not only justified in sup- 
posing this, but forced to do so by the way in which 
the stream of milky light is observed to mmder on its 
course athwart the heavens. The branching exten- 
Blons serve very well to account for the appearance of 
the Milky Way between Centaurus and Ophiuohus, 
where the interlaoing branches and the strange con- 
volutions and clustering aggregations described by 
0ir John Herschel are chiefly gathered. 

t would not have it understood^ however, that I at 
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all insist on the general shape of the spiral shown 
itt fig, 6; On the contrary, that curve is only one 
out of several which might fairly account for the 
observed appearance of the Milky Way ; and I have 
often felt inclined to doubt whether a single spiral of 
this sort is in reality the best way of accounting for 
the observed appearance of the galactic zone. What 
I do insist upon as most obviously forced upon us 
by the evidence is that (1) the apparent streams 
formed by the Milky Way upon the heavens indi- 
cate the existence of real streams in space; and (2) 
that the lucid stars seen on the stream arc really 
associated with the telescopic stars which form, so to 
speak, the body of the stream. Whether that atream 
form a single spiral or several, or whether^ instead of 
B^wals^ there ma/y not he a nv/mhei^ of streams of 
small sta/rs^ placed at different ddstanoea from and 
lyvng in all dircciiona rovAid the meMal plane of the 
galaiey^ but more or leas tilted to that plme (the sun 
not lying Auithin cmy one of the simws), are questions 
which can only be resolved by the systematic scrutiny 
of this wonderful zone. 

The chief points to be noticed among the considera- 
tions flowing from these general views are these ; — 

In the first place, the only marked diSerence be- 
tween the stars of the leading magnitudes (say the 
first ten) lying in the galacUo zone, and those lying 
without it, consists in the fact that the fo 
associated with countless multitudes of smiiller stars, 
while the latter appear not to have such attendants, or 
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not 90 many of them. We shall see presently that the 
extra-galaotio stars are associated, and in a very in- 
timate manner, vHlth groups of very minute stars— of 
stars BO minute indeed as not to be separately dis- 
oornible— so that astronomers have been led to regard 
BUoh groups as external galaxies, But except in one 
region, we do not find outside the galactic zone any 
appearances reminding us of the aspect of the Milky 
Way itself, In that region lie the two Magellanic 
Clouds, resembling the Milky Way in their generd 
appearance, but seen, when placed under telescopic 
BorUtiny, to differ from it in this, that among the 
minute stars which cause the milky light are numbers 
of nebulte, of olaBses not found commonly, if at all, m 


Iho galaotio zone* 

In the second place, we must conclude that un- 
counted milUons of stars exist which are very minute 
indeed in comparison with those which we have beem 
led to regard as suns. That these relatively minute 
orbs may bo absolutely large-far larger, for instance, 

than our own earth— may indeed be accepted as certain. 

But it is difBoult to believe that they subserve pur- 
poses similar to those of our own sun. One cannot 
bub see that orbs such as these would not have that 
permanence of character, as sources of heat-supply, 
which would seem to be necessary in the^case of a real 
B„n. We know, indeed, that among the small stars 
of the Milky Way there is a proneness to 
variation which is not recognised, or is “^together 
c"Lal, among the lucid sUrs. In the neighbour- 


aS4 OTHER WORLES THAN OVM, 

hood of tlio Milky Way, with soavoely an exaepLion, 
tlioao temporary atatfl have bltusod out which Imvo 
formed aaubjeotof Buoh porploxlty to tho thoughtful 
aBkronomor. Under what conditions tho omall orbs in 
the Milky Way aotunlly exist, whether oluators of 
them will ovontunlly sogregnto from tholrnoighbours to 
form 8 UU 8 , or whothor, after long voyaging in nplml and 
contorted paths uador tho varying induonoos of the 
nttraotions of loading stars, thoso minuto orbs will, for 
the most part, bo forced to settle down as attnuclanU 
round tho major ones, it Is ns yet altogether Impossible 
to judge. It may be that they boar the same sort 
of relation to tho lending stars that oerlain oornotio and 
meteorio ftiralUoB, referred to In Ohnpter IX., bear to 
the major planets of the solor system, nob being bn any 
0086 absolutely dependent on any largo star, but yet 
returning in oyoloa, whioh must bo inoasurecl by 
millions of toons, to temporary dopondonoo on one sun 
after another \ until in the ooum of time, under tho 
notion of processes somewhat resomblhig those I have 
oonoolvod to take plooe In tho formation of the solar 
Bysteiu, the oondltions under which they movn will 
have booome so ihr alterod as to lead to the broukl.Dg 
up of the Milky Way into dlatinot systomi, Indeed, 
tis Sir William Hiersohol was led by other coniidem* ** 
tlous long ainoe to point out, there are algns in parts 
of tho Mlky Wiiy which would seem to indloaio that 
BQvoral Buoh systoma have already reaohed an advanotKi 
stage of dovoloptnenbi 

But perhaps tho most Important oonolaainn do« 
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duoible from the oiroumstancea I have dwelt upon 
^asBuming my interpretation of them to be in the main 
con'eot) is this, that we can no longer suppose we 
have in any direction pierced to the limits of the 
sidereal system. So lon^ as a general approach to 
uniformity of distribution was understood to prevail 
within that system, there was a ready means of deter- 
mining when the tolesoopist had reached in any given 
diredtion the limits of the system. To use the words 
of Professor Nichol, ‘ When an eye is directed towards 
a prolonged bed of stars, there is no reason to fancy 
that it has reached the termination of that stratum so 
long as there appears behind the luminaries which are 
individually seen any milky or nebulous light j such 
Ught probably arising always from the blended rays 
of remoter masses. But if, after struggling long with 
a nebulous ground, we obtain a telescope that gives us 
additional light with a perfeotly black 8hy,^e then have 
every reason the circumstances can furnish on behalf 
of the supposition that at length we have pierced 
through the stratum } a probability, indeed, which can 
be converted into certainty in only one way-viz^ 
when no increase of orbs foUows on the apphcation of 
a still larger instrument.’ Sir John Herschel has ex- 
pressed a similar view, and there can, indeed, be no 

Lubt that, adopting the fundamental hypothesis on 
which accepted views are founded, the es a ov 

described is an absolutely certain one. ^ 

But if, instead of penetrating farther and father 
Into space when ‘struggling long with a nebulous 
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ground* (to uaa Profeasor Nichol’a atriking bub some- 
yrliat incorrect expression), wa have in reality only 
been searching with more and more minuteness into a 
definite cluster or stream of stars, we can no longer 
come to the conclusion he has insisted uponi We 
have reached the limits of minuteness which the stars 
of the cluster or stream attain to 5 we have learned 
lierhaps all that we can leai’n about that cluster or 
stream ; but we can no more be said to have reached 
the limits of the sidereal system in that direction than 
we can be said to have reached the outermost hounds 
of the universe in the direction of the cluster in 
Hercules, when that magnificent object has been 
thoroughly resolved with the telescope. 

Here, then, if I have seemed to narrow the limits 
of the sidereal system by bringing the star-myriads of 
the Milky Way, whioh hod been, regarded as many 
times farther from us than the lucid stars, into direct 
association with those luminaries, I make amends by 
pointing out that in all probability the limits of the 
sidereal system lie far beyond the range of the most 
powerful telescopes man has yet constructed. In faot, 
there is here a somewhat singular interchange of posi- 
tion between the new and the accepted theories. Ac- 
cording to the views usually accepted, the small stars 
in the Milky Way are really as large, on the average, 
as the lucid stars; jvhereas, according to my views, they 
are relatively minute. But aooordicg to the accepted 
theories, the scattered stai's of very low magnitude in 
the extra-galaotio heavens must be’ regarded as rola^ 
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lively miniitej since it has been rendered certain, ac- 
cording to those theories, that the limits of the sidereal 
system are relatively close in this direction, and we 
cannot suppose these stars to lie beyond those limits 
(as they must do, if really large). Now, according to 
my views, there is nothing to prevent these minute 
stars from including among their number orbs as vast 
as Sirius, or many times vaster. Nay, even within 
the galactic zone itself there are stars to which my 
theoi’y gives as noble proportions as the accepted views. 
For in the southern Coal-sack tliere are minute tele- 
scopic stars, as Sir John Herschel tells us, and these 
orbs, according to the accepted views, must be regarded 
as belonging to the galactic circle, though inexplicably 
segregated from their fellows. According to the views 
I have been led to form, many of these telescopic stars 
must be regarded as suns lying far beyond the galactic 
spiral, or perhaps associated with outer whorls of this 
spiral which no telescope made by man can ever reveal 
to us. 

And this leads me to consider two phenomena 
which are altogether inexplicable, I conceive, on any 
theory except mine. 

The first is the existence of excessively faint streams 
of light— star-streams, doubtless, though the components 
are not separately visible— in certain regions of the 
heavens. Sir John Herschel, who detected this strange 
phenomenon, speaks of the streams as so very faint 
that the idea of illusion has continually arisen subse- 
quently} yet he dwells fiir too clearly on the ohartm- 



25b OTllBIl wonws mAN OHMS, 


U,ri«LlM of tho plionomenon for any doubt lo 

aa to lt« reality. 'I'l'e ’ 7 ’ 

Hold of view— Iho minnlo poiiiUi of bomg '* ^ 

there, lliough it wna iinpoaBible lo hoc them i.idivuUmUy 
--a mottling wliiob moved with Urn «tor« a« h« moved 
the lube to nncl fro, aiioli are tlio terma in wblcb . ir 
Jolm HerBohol apeaka of tlua intereating plioimmomm. 
Now no doubt whntovor fiin exist Ibat If tlmae 

faint afcrotmiH really belong (o the aidoreal ay^b'ity they 

aro loft ftltogothor unaoeonnied for by ibe ordinary 
vlowfl vcape^tiJig Urn atracturo of tlmt ayaiom. Uicro 
la no continuity between lUe ainra composing Umm nnd 
ovon the minuteat Usloacoplo atnra viaiblo in Uie Bame 
ffonorel dirocUoii j bo that a vast void imist aeparatfl 
them from tho outornioat of thoae toleacopio atoB. Ae^ 
oording to my theory, ttiey prebnbly belong to outlying 
whorlfl of the aplml galaxy, and the tolesMple slnra 
seen upon them bear the wuno relation to them that 

the lucid atiira bear to the Milky Way. 

The aeoond point l« porhnpB even more aUriking. In 
certain direotlona 8lr John Hersohcl reeoguised the 
oxUtenoo of two or more diatinotly marked olftwe« of 
8tar8,a8 though, he «ald, doflnlLe ftebi of atora, aepa- 
rat©d^ by comptrotlvoly vald intervals» toy In 
direotlona. It la clear that thl« aiseelatlou of tlm 
Htarn Into Beta la M dlablnotly opiioaed to the vlowi 
ordinarily ncceptod «* It la ebvioualy an amngeHient 
to be cxpeeted iwtordiag to my theory of the ooa«tlto« 

tlon of the sldeml ayatom, 

But we need act proceed beyond the uplieio of the 
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lucid stars in order to find evidence of such association. 
Amazing and incredible as it may at first sight appear, 
those orbs which have been visible during so many 
thousands of years before the telescope was invented, 
the stars which ITevelius and Ptolemy could chart and 
catalogue, have been teaching men with unmistakable 
olenrnosa a lesson which hitherto has been persistently 
neglected. 

It had long since occurred to me that the lucid stars 
are not spread over the heavens with that general 
apiwottch to uniformity requhed by the accepted 
theories. In constructing my gnomonic charts of the 
heavens, though these include only the stars of the first 
fi ve orders of magnitude, I recognised clear traces of the 
existonoo of star-streams and star-reticulations, rich 
regions and barren spaces, which the laws of probability 
would not permit me to regard as duo to cbance- 
. distribution.' 


' I tried llio experiment of distributing 2,000 points at random 
over a equaro aiufaoo. It Is nob qnito so easy os it raigUt at first 
bo thought to soonro a portootly random distribution. The plan 1 
adopted waa the following s-Taking a book full of mmiorals (I wsbH 
(V Iftblo of logarithms), and opening lb at random, I brought Iho 
point of a ponoll down on the open page. Whatever numeral tUo 
penoll-polnb fell nearest to, I ontorod In along list of numerals 
formed on this plan. Then dividing the aides of my square into 
100 parts, and tho square Itself into 10,000 small squares, I took 
the numerals In sols of four to indicate tho places of a uumbor of 
dots. Thus, supposing tho first tour numotnls to bo 2371, 1 took 
that small square which was tbo twonty-Uiird from one side of the 
largo square and the seventy-first from an adjaoont side, and 
marked a dob In that square. Doing this for 2,000 dots I had a 
nortootly random distribution. No well-marked stronras, rotiouli^ 
Hons, vaouttlos,or rich regions oould be rooognlsed lu tho result, 
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But while my larger atlas was in progi^csa this 
opinion grew into conviction. In some of the maps the 
bareness of certain regions contrasted so strangely with 
the richness of others as to give an unfinished appear- 
ance to the work, I determined that as soon as I bftd. 
leisure I would combine in two large maps of hemi- 
spheres the twelve maps of my atlas, in order to see 
what the real relations might , be which were only 
partially indicated in maps covering hat a tenth part of 
the heavens,^ I selected for this purpose a mode of 
projection described in my ^ Hand-book of the Stars, 
but first suggested, I have since found, by Sir John 
Hersoheh It represents equal areas on, the celestial 
sphere by equal areas i/n piano 5 bo that, though there 
is considerable distortion, the real relative richness of 
; different regions of the stellar heavens is accurately re- 
presented. The accompanying large plate represents 
a reduction of the maps thus constructed. 

I leave the exhibition of minor peculiarities oi 
stellar distribution— star-streams, star-retioulationsj 
Btar-oIuster8,ahd so on— d;o the maps themsel ves, which 
will, I think, be found to well repay careful study* Bui 
I applied to the original maps a further process of in* 
vestigatlon in order to deduce the real charaot eristics 0 
the rich anid barren regions I had noticed while con 
I con aider, top, that whore bo many dots were marked in, on 0 trie 
waa as good as avlargo numhoT, . ... . •> ■ ' ■ : 

J The maps of my atlas overlap caoh of the tiwelvo, inoiucllng 
tenth part of tlio.ooloplial sphere, Thp ^reader rn^y . perhaps b sui 
prised that the pcoullarities I rofot to should not have boon noblco 
while other star atlases were'o6aBtni'ote(i, ,.'.. 0ULb'|ha;:;^oat 

In ftU foimor Stax iifclasea, WiU suttloe 
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etruoting the large atlas. The plan I adopted was 
Bufflciently simple, I out out the portions of the map 
which seemed richly or sparsely dotted with stars, and 
weighed the paper. The relative weights of different 
portions gave me the relative areas, and thus it was 
only necessary to count the number of stars in order to 
determine the relative richness of stellar distribution. 

The regions I selected for special examination by 
this method were the following : — - 

1. A nearly circular region in the northern heavens 
surrounding the projection of the Milky Way towards 
the North Pole, and having a radius of about one-fifth 
of the map’s diameter. I call this the riohest northern 
region, 

2. A much larger region, including the last, and 
occupying the middle of the northern map. I call this 
the rieh omtral northern region, 

3. A large circular region, occupying the middle of 
the southern map. I gall khi^^eHch central southmi 
region, 

A somewhat triangular region, included within 
the last, and occupying the upper right-hand part of 
the southern map (between Sirius, Canopus, and the 
=: constellation Crux). I call this the richest sonthem 
> region, 

5-6. The remaining, or outer, parts of the northern 
’ and southern maps. 

^ V-8. Two very barren regions bordering on the 

rich northern central region — one towards the lower 
half of the northern map, the other towards the 
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upper half, I call these the poorer noriUern regions 
L aTicZ Ih 

0-10. Two corresponding eonthern regions, one 
occupying the upper right-hand quadrant of the 
northern map, the other occupying the lower quadrant 
of the same side. These I call the poorer 80 uthe^*n 
o'cgiona I. and II. 

Easily, I talce the northern and southern j)ortions of 
the Milky Way, and the gaps and laoun83 in the Milky 
Way. 

Haying selected these regions for comparison,^ and 
applied to them separately ^ the scissors and balance * 
test, I have deduced the following results: — 









MXNOJl STABS, 


263 


Jiufc Burprising as these results may seem, the qaes- 
Lion whether such peculiarities of stellar arrangement 
may nob be regarded as due to chance-distribution 
remains to be considered, 

It has been so often urged that amongst a very 
large number of stars such peculiarities might be looked 
for that many will be disposed to dispute the assertion 
, that unifomiityy not pemliarity of distribution, is to 
be expected among a large number of points spread 
over any surface according to true chance-distribution, 
Yet so it is. The laws of probability tell us that 
whereas among a few such points peculiarities need not 
surprise us, uniformity of distribution will inevitably 
appear where there aa’e many points, unless some spe- 
cial law is in operation to prevent such a result,^ 

To illuskate the amazing weight of probability in 
favour of the existence of laws of aggregation and 
segregation among the lucid stars, I will state the result 
of a process of calculation I have applied (in accordance 
with the recognised laws for determining probabilities) 
to the statistical relations presented by the two rich 
regions in the northern and southern hemispheres : — 
The vast scale of the universe of the nebuloe (or, as 

» As a familiar iUuBtratlon oC tiliolaw of probabilitios iuquQS- 
tlou, WG may talce tbe ooso of tossing a coin, If a coin bo tossed 
six times, tlioro will bo nothing very snrpiislng in the rooniTouco of 
" ‘head ’ (say) four, flvo, or evon six timos—thab Is, if two-thirds, 
Avo-sixths, or the wliolo of the serios of results are of ono kind, 
But If wo calculate the chance that In six thousand tossings there 
should bo BO many as four thousand rosxilfcs of ono kind, wo Hud ifc 
no minute that the concurrent testimony of all mankind could 
never make lb orodlblo that such an event had happonod. Tho 
probability ia the same as that referred fco in the text a few Unea 
" further on, 



264 OTJIBR WOMLBS THAN 0V31S, 

it has been called, the Mnwevsc of v/nweTBes\ as con- 
ceived by Sir W* Herschel, is well known* A/ifi 

fTohohiViiy that the obaevved relation results 
ohmce-diBinhutioniamany milliona of times less than 
the chance of d/fawmg one particular grain ^ s'malleT 
many million-fold than the mimikst ohject visible i/a 
the most powerful microscope andVying withi/n ct space 
compactly filled with similar grains^ and large enough 
to mcloae many millions of the unwerses of universes* 

The probability that the more remarkable rolationH 
presented by the richest and poorest smaller regions re- 
sult from chance-distribution is indefinitely m or o minute 
even than this inconceivably minute probability* 

But since the above lines were written I have gone 
much fiu’thor with the illustration of this matber by 
star-charting* Tor I have combined in a single chart 
all the forty largo folio charts of Argelander^a Atlas, 
containing no less than 324,108 stars, all preBentecl on 
the same isographio projection as the aocompaxiying 
chart. In this map of many stars, the place of the 
Milky Way is actually ^mapped in* by the stars them- 
selves, not as hero, by a separate indication. I would 
refer those who desire fuller information respecting the 
arrangements of the stars in space to this chart and Its 
explanation (published by Mr. Brothers, of 14 St. 
Ann Square, Manchester), 

The evidence in favour of special laws of Btellar 
distribution is, however, far from exhausted*^ 

• Indood, X an\ unable, wllliln the space hero nvallEihle to 
mo^ oven to touch on a tenth part of the ovldonoo I havo giilhorod 
togother In my nolo-books and portfolio of charts, 
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Quite early in my consideration of the subject I am 
now upon, the idea suggested itself to mo that in the 
proper motions of the stars we have a means of forming 
an estimate of the distances of these orbs ; and further, 
of detecting any laws associating them together, 
whether into streams or clusters; and that the evidence 
thus obtained was likely to be in many respects more 
trustworthy than that afforded by the apparent magni- 
tudes of the stars. Two processes of inquiry suggested 
themselves. The first consisted in a careful comparison 
of the mean motions of stars of different apparent size, 
in order to determine whether, on the average, small 
stars are so far off that we can look upon them as in 
reality no smaller on the average than those which 
appear larger. The second consisted in charting down 
the proper motions, so as to deteot any signs of star- 
irlft which might haifiy appear in different parts of 
the heavens. I confess that I had not by any means 
expected results so strikingly confirmatory of my views 
as those I actually obtained. 

The first method of inquiry, instead of giving an 
average amount of proper motion to the smaller stars 
somewhat, or perhaps even considerably, greater than 
was to be expected, according to the theory which sots 
these stars at an enormous distance, actually gave 
them a mean motion equal to that of stars of the first 
three magnitudes. It became evident, then, that not 
only ore small stars (I am here speaking of stars visible 
to the naked eye) mixed up as I had thought with 
bright stars visible in the same general direction, but 
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that dtaUiftoa Is ksa availubb to explain tlie Bmnl)ne«s 
of tlioBtara even than I li«d nupiMWjjd. I )iad thought 
that certainly a large proiairtlon of the small «lnra iinist 
lu reality be very far from u«} but it ft|t|tear<Hl ibat 
the proportion of atars whoso sirinllnosa is bo to bo 
accounted for is in reality exceedingly mirmto- There 
must theroforo bo inyfladH of really sJfiall elara for 
every lending orb. 

The second inothod of rosearoh led to Urn strange 


result that in many parts of thei hcavtins a couiuiunity 
of motion can bo rooognised, antong Blar^groups far 
larger lu extent than any such gitmpa as I ha# 
expected to End thuB drlEIng tlirough apee. KnoW" 
lug Umb wlmtever view wo form of the sidereal univer«o, 
we must yob recogalse the fnob that In every direction 


slai'Bat very diflhrent distanoeB are vlaiblfti .1 had not 
hoped to End over any large region of space the 
trttceB of a oominumty of motion. Nor eveti In amall 
regiona had lltoped to recognise very deeided treoMof 
Htar-drlfb, beoaufle I was oonsoiouB thati even with three 
or four atare really forming n drifting groupi there 
would nonrly alwaya be found throe or four other*, 
either muob farther off or much nearer, and olUiether 
dlBBoolatod ftom the drifting aeb. Indeed, I ItuaglnMl, 
when X begad, the inquiry, that the romarkablo 
inatonoe of iiii^drifb la the heaven* was that detoetM 
(though dlfjl^toy explained) by MMltr la the eea# 
aikeUatldn Tsitiid#. 


'■r-.yM: 
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the iiuist I'oinavkilble iiiHtanco of nil is that illustrated 
ill the adcoivipaiiyiiig plate. This picture represents 
tlio iiKilioua in the coiisl'.ellations Cancer and Gemini. 

It will lie noticed that though here and there stars 
iippiiriiiitly not bolougirig to the system appear, in 
the sfum.i rinigo of view, yet the star-drift is uninis- 
lakablo. The general parallelism of motion is very 
striking! and the difference in the amount of motion 
observed in different stars is only what was to be 
expected in a star-group whose range in distance, if 
ccpiivalcnt to its lateral extent, must be such as fully 
to account for the range in the amount of apparent 
motion. 

Fig. 0 exhibits one out of many parts of tbe 
heavens in which different sots of stars are observed to 
be drilling in different ways. 

It will bo seen that here there are three seta — those 
included in the space a, those in space 6, and those left 
unenclosed. These groups are very obviously drifting, 
each in its special direction. The stars within the space 
h are jQ, 7 , 8, a, and ^ of the Greater Bear with three 
Binaller stars. Their drift is, I think, most significant. 
If in truth the .parallelism and equality of motion are to 
be regarded as accidental, the coincidence is one of a 
most remarkable character. But such an interpretation 
can no longer ho looked upon as admissible. For Mr. 
Huggins has found that these stars 7 8 , a, aud ? are 
all rticeding from the earth at the rate of about seventeen 
miles per second. This was the one piece of evidence 
necessary to establish my theory, that those stars form 
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a drifting system, But the peculiarity is only ono of 
a series of instances, some of which are scarcely 
striking. One of these is presented in fig, 7, in ^vlnoli 
the proper motions in the stars a, /Q, and y Arictie^ 



Fig. 6,— Observed Proper Motions of Stars iu Ursa llajor and 
Neighbourhood, 


and four other stars in the neighbourhood, are 
exhibited,' 

Here ^ and y may bo regarded as drifting with 
but having a motion of thoir own in addition, sutlicing 
to account for the want of strict pai’allelism between 

' In nil throe figures the proper motion indicated by tlio length 
of the arrow attaohod to a star covrosponda to the alarms motion In 
5(3,000 yuara. 
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\\yo 

li> thi^ illtiMlnilidiif unci if) (|nnlf)tlit) wnnljt of 

lliu fjvriili’rti* nujilfU’h niJislc‘r nf lliul. Idtul nf rffjfun^h 
wliirSi I huv4‘ l)t*rii ;nlvni*JiUn||[ Wti 
(lfHf?kT(‘<l IVfUn fl\vf?llin/| iMMuicu'iii ivitly uiul floHf'ly cm 
H|u!f'iilul.ivc% vic'wu liy any idfu nf i.ltrir 
JiMHft wln^^h ( ha nliJf'«?lfn*M n/juiimi. ** pujjnr indmitutnY’^ 
iniiy cui luiaiii, nr by I tin rnul ahmcIfu iUM^rk of I hi^ nmffu iul 
llu'Cacln mil of wliiah any cuiniM'ulffl IIh 'O y of (Im» 
utiivcufif^ luu; (a|. prniiiMil,) in bn vvnvrn, ** 

//ac/o”* in iJiin ntupn of nnr kumvlntlijn in f|iiiln n\{ 
/;nml ii inol-lo um Nf\vinn'n Ntm Jhujo*' pinviflnl 
alwiiyH (liny bn nn|. bypnlhniK^M UR in inniii’u nT ji)iy.*m‘ul 
anl-ion for wlijnh nx)M*vif’Ui!n ;pvnR no wiuraul ^ 

' ll MhaaM liiuiullfMiil Niiv.'lnit lUtlihiMl wliiit lio im< aiO Uy 
' ]iy|ii)lhi'niin ’ wliifii ho nohl ^ nmjhhj.f* iomI timf ho>IM 

noli nhjoiit (o wluit )i»vo now ooMiiinnily (llinniaU lltn mmii 

wooIm) ooino in tin ro;roitloU im )iyi!t)!lo'.';on, Howiou OrllinVl n 
t1)o>»hi iiM wluiliivi^r hi lint ihnltiot*ii fi’oUl tlifi 

^ l''iinu a hst.l.iu' inMnvi!i(iil hy Mlv Mi'notnU la tJai 
wilior, 1, 



CHAPTER XII. 

THE NERULiEi ARE THEY EXTERNAL GALAXIES? 

In the last chapter I have indicated reasons for be- 
lieving that tl^e sidereal system extends far beyond 
the range of the most powerful telescopes man has 
yet been able to construct. It need hardly be said 
that, supposing this view to be correct, we cannot 
possibly see any external galaxies unless they sui’pass 
our own many thousands of times in richness and 
splendour. Every analogy that we have for our 
guidance points to the conclusion that if our galaxy 
have limits, and there oxist in space other galaxies, then 
those outer systems must be separated from ours by 
spaces exceeding the dimensions of the several galaxies 
many thousand or many million-fold in extent. We 
know that the distances separating the satellites from 
their primaries exceed in an enormous ratio the dimen- 
sions of the satellites. The distances separating the 
planets from each other exceed in an enormous ratio 
the dimensions of the planets. The distances sepa- 
rating our solar system from others enormously exceed 
the dimensions of the various solar systems. And 
we may conclude that in all probability the distances 
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m^parnliii;; our Kitlov<tnl nyufom fnun ultur iJiirnlin 
Hyntf'iuH in ii|iMrn rnujil r>i:rnr<l in lui iMini niHUM rat in 
(Jin tliiiuniulnnH nl* nur /jalasvi uinl nrall *olittv rnirti 
HyHloniH. 

Tlial. iJtn Miilorniil nynlfau hjifi limifn \ umI ilunM, 
Of (ttiurnn iL inuj/ lin nn-nxlniiiiivn wiOi H\y.irv (hat 
(ilmnhitoly inlhiifi^ in nxlnuf. Hut. wn Imvo no r« :o‘>n 
for l)nli(win|{ Unit, in rininiipilnp by nlop, (iMni Jiyaiinu 
((^Hynlrin, unlit w liavu rnunlinl Mn^ In/fboiJ niu-ia nf 
Hynlnin Icntuvn Id uh, wn havi^ rmiJn il ilin ivii\ {iuiuinil. 
of lliati porlia|m atiujijnt Jut liinillrf<M rarijp' of nfi-ju, 
Wo icinuv, iiuloial, iJmf. ifli/jhl. <Im umI, muII'p v i xliunfiuu 
in Ivuvorsinff ajjiu'o (mnl wi? liavn aa yv\ no rviplinu’o 
llmi- Uf doon), llu) oxloulof (Jut Midnual hyvli^m ifumf Im 
liniilnil, Hino(^ ollun wiiit^ iJiu wluiliMif iJjo uOu-lil fihy 
hIiouIiI Kliiiin wilJi iJio bnllianoy (»f aniuJirfld J Aiul wi^ 


* Tlitii H aliviniiri } InO: If iii»t, flin fiiUiiu)rir:f phttif 

ho nooopliul t ho win tin nf opooo lot ithh^tl it»ni 

Hplmrloiil nhollsi, liavlu^ our imilh ol. (iMt onuln'. Mi'? Ihh^lio -tf 
I'lioli hIioU iMsliiffir. Thoa laKla|.^ (aym fOn’llo, ♦mo ul, n Uoaoio fir, 
tho nllior at u ♦llntuiiiiar' (hoili r oufi noo'h po onr fhini 
)oto iiiutr tho uatiihor of riiorti in ihono mIm'Uo will hi* On 

'Hf niol/^r roniutoUvoly Ihul, hi, will voty loi ihn pi.nhn ! Mf ffm 
tliloUuoRi of tlto oholl tinil (ho nijimro of II a nollnri. (lli ro I oni toa 
ooiiooniiiU wiUi tlMi?;o OopiatmioH iiKin luitriofolfy whif )i J h»Mi 
ooimhloroil in Miu luol ohajilor, hitraiino [ Mmiwo..! hu^jo 

nuoiiah to tnolnilo within M. nil imhdrn nf iHn!flhHMi>u mA <ik« 
Krig^allon, 'i’liiri nii[ilh’a Jih!ii to wlint hilhtWfi.) Nnw Mouurt.irrt 
npimroia nh/o of Urn lUiiraof tmo nholl will ho (♦♦ ihn ntnoj-H' op- 
pmont oiznof hIoik InOionMji r In fhii Inviopo i roivyuH-iM nf Mot 
r»'M|jooMvo liiilli of Mjiuiholln, Iho intiliihin hilnhlm-^i tif Mu^ Ih la 
rimitlvdil from l.)m Hliuoof onoh Mit holna iHimil. *i huFi iho oaol 
Eiumunt of Ilghli friim Uio Mhirn of ono hlmll U to MioOif^il HoomtO m/ 

li^ht fium b(um In (ho olhor jui r^r h - ; ; 1. Hno o, 

fi 
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'nay carrj tliis aigiiment even farther. For, though 
t'ho aicloroal system shoulcl be limited, but other systems 
similar to it spread throughout the infinity of space, 
there would still result this iiiefifablo blaze of light, 
surpassing the light of day as greatly as the vault of 
licaven surpasses the diso of the sun. And this again 
^^on]d bo true, though this system of systems were 
liniilod in extent, bub suiTonncled by similar systems 
of ays terns in tlio infinity of space. And so on, let 
the order of systems which iinnlly becomes infinite in 
number be wbat it may. There is only one way to 
osenpo from this limitless series of system-orders — that 
is, by accepting as true the hypothesis that light suffers 
ox tine t ion as it voyages through space. But it is 
worth noticing, when we are actually dealing with the 
infinity of space, and when, therefore, limitless eoncep- 
tions are not paradoxical, but in reality as available for 
our purposes as finite conceptions would be, that if we 

sapposliij? tlio amoiinfc of light received from one slioll to bo itli 

h 

part of that which wowld bo roooivod if tho wholo celestial sphere 
wore £is In-lglit us tho sun’s (that is, us a star’s) cliso— A boing 
eiiorinausly largo, tho atnoiiiib rocoivod from tho other ia also 

^Ih of this nmoniit, and tho total from all tlie sholla must tlmro- 

foro bo 

Kow, ly taking h terms oC tlila series (or /< sheila out oC ouv inllnitc 
series ot siiolis) wo alioiild got ntiity, timt is, tlio wholo hcavona 
lighted lip witl) star-llglit or siin-light. Thoio would bo o pio- 
porllon of stars in the same visual line, luid so Iilcling enoh other j 
blit since wo can take 2 ?t, 3 k, or infutUij times k it need bo, tlioro 
can bo uodonht that tlio wholo heavens would holiglitcd up wlHi 
solar brlglitncss, Ooniparo next note. 

T 
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do adopt the belief in an infinite succession of ovdors 
of systems ; that is, first satellite-systems, then plane- 
taiy-systems, then star-systems, then systems of star^ 
systems, then systems of systems of star-sy stems, and 
so on to infinity ; and if we accept as true of this in- 
finite series what we know to be true of the part within 
our ken, viz* that the distance between the componentH 
forming any system is indefinitely groat compared with 
the dimensions of these components, we no longer have 
as a conclusion that the whole heavens wotild be 
lighted up with stellar (that is, with solar) spUmdoiiv ; 
even though, in this view of the subject, there avo in 
reality au infinite number of stars, just as in the view 
according to which the sidereal system extends ^Yithout 
interruption to infinity*' 

* It is clear that wo no longer got, as in tho proviona notcj, a 
series of equal small terms. If wo tnko onr infinite soiios oC ahnlls 

as before wo get for tho sidereal systom^t times i whoro Is finite, 

and therefore ^ finite. We must indeed nasumo bo email, and 
k k 

so of other similar ratios presently to bo dealt with, With respect 
to the system of systems, we have those oonsidnratlons to fjnldo 
us:— Any of tho spherical shells within this system must smvply t.o 

oiir skies an amount of light indefinitely loss than one of th(J hIioIIh 

-1 

within tho siOoreal system itself, say, ^ th part only, ^ indoilnitoly 

large. But tho number of shells falling within that system 1 r very 
much gi‘eater, say, 71^ times as great whero Is finite. TUorofoio 
we get for tho total amount of light coming from tho Byatem of 

systems a quantity proportional to And so for tlio syatom of 

system of systoms we get a qnontity proportional to ”“i 

h U W 

whore W is Indemiitely loigo, »" vory largo. And for each auoous ■ 
riveorderwe gotamuUipllct of the form where K is indollnitely 
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whether we adopt this or any other view of the 
way in which external systems are arranged, this at 

Inrgo, and n very largo indeed. Suppose I, to ba the largest of nil 

those innltipiiors, then the total amount of tight raeoived from the 
Inlinito syslom of systems is proportional to loss than 

V \ 

(in which v Is supposed to bo less than k), i.e. to less than a 

(Inito quantity— whloh will oven bo minuto if k and « aro soverollv 
muoh greater than n and v. 

Tills particular raodo of escaping from the dimoulty suggested 
by the niiimln allion of tho licavong, without adopting tho thcoiy 
that liglit suflorg oxtinotiou in its passage througli spaco, ocourrod 
to mo whllo I ^vas preparing a sorloa of papers entitled A Now 
Ihooiy of tho IJnivorso> which appeared in tho < Student* in tho 
spring of 1869 i and I there exhibit the considoralions just dealt 
with.^ I was muoh pleased to lincl from a letter of Sir Jolin 1 lor- 
achol s that tho same idea had (probably earlier) suggoslod itself 
to him I and I was thus encouraged to believe that I hud not gone 
very far astray in tho whole series of papers, whoroof tho matter in 
quoation had scorned to ino tho most spcoulativo portion, Tho 
following aro tho words in winch Sir John Horsohol expresses tho 
ideas above dealt with Ono of tho avguinonts advanced in favour 
of tho spatial oxtinotion of light was that, if thoro is nob such ox- 
linofclon, tho whole hoiivens ought to bo ono blazo of solar light— 
admitting tho uuivorso to bo inlinito-- bccauso it was contended that 
thoro could then bo no direction in space in which tho visual ray 
would not oncountor a star a sun). This argument Is fallacious, 
for it is easy to Imagino a constitution of a universe lltomlly in’ 
finite which would allow of any amount of such divoctions of 
ponotration ns not to encounter a star. Granting that it consists of 
systems subdivided according to tho law that ovory higher order of 
bodies in it should bo immcnsoly more distant from the centre than 
those of tho next inferior order— this would happou. Thus in oiu: 
own, tho moon is very near tho earth, tho satollites to their prima- 
ries, Thoso primaries aro Immonsoly more distant from tho .sun, 
thoiv oontro j tho fixed stars again still maro innnousoly moro remote 
from tiro sun. Suppose om* system to terminnto with tho visible 
fixed stars ; then imagine a system of such systems as remote from 
caoh other, in oonipa/rUon rvith thair dimoTislaHSt as tho distance 

1 ' 2 
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miy vnlf in <!(>rtiuii, llml. if Hx' nl. mitf:- imvtH 
of o\ii* <»\vu rtitluvciil ho hoyom! Iho Iumi of tmr 

inosf powt'iCul iiislnimoiit!) ui»l I hiivo nh'>\vii tlmt 
(,honi lire rtfroiij^ vcuhomh for tl'in ooiuiliiMiox thou lht( 
of oxinnal ^julasioH .•aiiunl, l.y any 
,K.HHil>ilily ho viaililo. Ho llial . ao.-or.lin); lo Ihia vi.nv, 
nil roHolvahlo iiolaibo, al. loasK , n.ual ho .liami.iaMl IV.-ni 
oatoi'ory ol' oxioriial oalaxion. N..r will it, ho 
ihonifh!, pm'hahlo Mini, inri’olvalilo iiohuho aio oxl.nail 
irnlax’ioH, if onoo Hial. vi.nv of fho .•xl.oil .>f ( he Hi.ioival 
Hysloiii ia iiiloiiloil, 

Ihil. thovo lU'o iiitlopoii.loitb ftniMiiloral iiiiia on whioli 
I pvofor now (o .Iwoll, for ltoli('vin|i' llial nil I ho n.-hnlio 
l.ohm^; l'» IhoHitloroul nyalisin. 

ll/will Imvilly lio ma-oannry, lo(. mo roinark in itaafi- 

iiiff, for mo lo lo'i’ooialoil 

with Iho Hulijo.!!, of otlior worhiri. It in lino llmt wli. ii 
mmo it iH (xhnillo'l llial Ihmo aro oxl.-viml j'ahui. ii, il. 
limy ho loohoil on an a niallor of moall iiopoilatioo (lui 
lav an Iho nuhjoot of thin Ivoatiiio in ooiiooiiohI) wliolhor 
\vo oaii aotnally MOO Ihono ('nlaxiiMi or not. 1 amiiol, 
for iiiHlumio, iu (.ho oanio poHilion an llr. ^\ hinvoll, who 
miHif.pio<l to Iho iiolmho whal. 1 (aho to ho llnir Irto* 
piano ill Iho niiivorno, with tlio ox|.iv:mi ohjool of 
ovorlhrowinn Iho hi^tiof tlial, Ihn.* .-xint olh.-r ([nlaxh a 
UH vant tiH Iho (luh-roal, or vioitoi-, lhioiip;oil with imna 
which aro tiovorally Iho conhvM of i.laiiotary av'-lomn, 
witliin which ii(piiii aro worhin iw well wiiloil (.. ho (ho 

Ihil lh(5(l Muni iu l'l♦JUlmvimm wHli thn iilniM rnr> 

HyHUiiiiH Mitmi from miii r riiwu 

ti iitar W!on from llm miu uuil n*» iin.' 
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abode of life aa this earth on which we dwell. But, 
though my purpose is different from his, it is equally 
necessary that J should insist on the true position of 
the nebulffi. Because, if these objects form indeed parts 
of the sidereal system, the relations they present are 
of extreme importance. They exhibit to us within the 
bounds of our galaxy systems altogether different from 
the solar system, aud thus suggest ideas of other classes 
of worlds peopled with their own peculiar forms of life, 
as distinct perchance even in their general character- 
istics from any found amid the systems circling round 
stars, as the forms of life in Venus or in Mars must 
be m their special characteristics from those existing 
on our own earth. 

Freed from those analogies which led the elder 
Herschel to regard the stellar nebulas— resolvable and 
irresolvable * as external star-systems, let us consider 
the relations presented by these and other iiebulm 
without reference to preconceived opinions. 

We must first pay attention to one of the most 
striking of the discoveries which the spootroseope has 
yet enabled man to m.ake — the discovery that certain 
nebulas are gaseous. It is necessary to consider this 
significant discovery, rather than those which were 
the first to exhibit the real place of the nebulffi in our 
scheme, because we shall thus be able to divide the 
uobulro at once into two great classes, instead of being 

By iiTosolvtiblo Btcllav nobuliu I moan tlioso nobulio 
bhougli not roHolvablo into Hiiira, yot proBont tlio obamctori^feic 
fenturos wbich lead asbronomors to boliovo that only increnao of 
toloacoplo power in ncedod in ovder to ofltoot rosoliitioii. 
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led to tliiB arrangemeut by following out ilie l 
of those long processes of I’esearoh by which t.l xo 
great orders of nebulie were long since .sepnva I t (roin 
each other under the piercing scriidny of Sir W^i Ilium 
HerscheL 

The reader W’ill see how tlie Hpootroscope ocHibl nt 
once resolve a question which ordinary 
would he all hut powerless to deal witlu Tlio iiiduiln!' 
being self-luminous, the nature of the matter wln<'h ia 
the source of their light would be shown by Lhn idsa- 
racier of the spectrum, as distinctly as thoug-li thaf. 
matter were actually present in the laboratory o f tlio 
Bpectroscopist. 

Mr. Huggins thus describes the obsorvution wliirh 
first revealed the true nature certaiu order h of {ho 
nebulte. The object under examination was a iiolniln 
in Draco, belonging to tbo class of planetary mslinlu!. 
^Ou August 19, 1864, 1 directed the teloscopo ariaoil 
with the spectrum apparatus to this nebula. Afc Ural- 
I sxisx^ected some derangement of the iiistriunout had 
taken i)lace, for no spectrum was seen, but only a Hluirt 
line of lightp0ri:)endiGulartotho direction of diHX>orHloii 
(that is, to what would in the oaso of solar 1»3 

the length of the spectrum), I thou found tluLfc tlio 
light of this nebula, unlike any otlior extra-torrtjal rial 
light which had yet been subjected by mo to priHiiial i<! 
analysis, was nob composed of light of ditforont ro 
frangibilities, and therefore could not form a sp(!<if rniti* 
A great part of the light from this nebula in iiiouo- 
chromatic, and after passing through the prmniH rt?- 
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mainf? concentrated in a bright line, occupying the 
position of that part of the spectrum to which its light 
corresponds in, refrangibility/ A more careful exami- 
nation, however, showed that — a little more refrangible 
than the bright line, and separated from it by a darlc 
interval — a naiTower and much fainter line occurs. 
Beyond this, again, at about three times the distance 
of the second line, a third exceedingly faint line was 
seen. The positions of these lines in fclie spectrum 
were determined by a simultaneous comparison of them 
in the instrument, with the spectrum of the induction 
sparlc taken between electrodes of magnesium. The 
strongest line coincides in posidon with the brightest 
of the air-lines. This line is clue to nitrogen.^ , , * 
‘ The faintest of the lines of the nebula agrees in posi- 
tion with a lino of hydrogen.’ The other bright line 
was not found to correspond with a known line of any 
teiTcstrial element. Besides the bright linos, an ex- 
ceedingly faint spectrum was just perceived for a short 
distance on both sides of the group of bright lines. 
Mr, Huggins suspected that this was not uniform, 
but crossed by dark spaces, , Subsequent observations 
on other nebulas* induced him Ho regard this faint 

^ Ono of tho mosb intorosting of Ulr. Huggins’s rcaonvolios into 
tlio subject of tlio light of nobulra is Ids attorn pt to (hjtomino its 
inti'lnsio brilliancy. Jly comparing tlio light of certain gnfloous 
iiobuho with that of a sporm candle (of tho sIkq called ‘ six to tho 
pound ’), ho found that theso objeoia, assumed to be continuous, 
Hhino with a light varying in intrinsic billiiancy from tho l,fi00fch 
to tho 20»000th of that of anoh a oancllo. By n strnngo misconoo]!- 
tion, Mr, Lookyov, in disousBlng Mr, Huggins’s result, spoaUe of tlio 
comparison as though it related to tho absolute brightness of tho 
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Spectrum as due to the solid or liquid matter of 
nucleus, and as quite distinct from the bright 
into which nearly the whole of the bright light 
the nebula is concentrated/ 

Thus was solved a problem which had, for tho 
part of a century, perplexed astronomerst Tliort3 wiih 
not, indeed, a full answer to all tbe questions of 3^^'* 
terest associated wdth the problem. Bub it had 
laid down by Sir William Herschel, as a Icgiti 
conclusion from observation, that certain orders of t 
nebute ai’e gaseous, and astronomers had ranged ilxejii- 
selves for and against this proposition. Telesoojt^m 
improvements had seemed at length to turn the bcuUs 
in favour of those who held Sir William IlerscUol 
have been mistaken. Already the problem had sciOJi'if-Ml 
all but definitely settled. And then in a momcnb thiH 
observation by ]\Ii\ Huggins had reversed the 
matter, It was now established beyond all possiljil U-y 
of futoe question that on the main point the groat tcKt 
of modern astronomers had been altogether iix tlus 
right. 

The orders of nebulm which give a spectrum 
bright lines would seem from Mr. Hugginses ohsox'vri- 
tions to be (i.) the planetary nebula), (ii.) tho ring 
nebuloe, (iii.) the irregular nebulm, Tho spiral nol )nlni 

aebulEo, saying that ‘ such a candlo a qiiartor* of a inilo o/T is iJOpOOl) 
times more brilliant tlmu the ncbiiln/ Mr, Huggins's roKiill; in 
wholly distinot from this, and mucli more important, IHk csdiii- 
parison rolatos to the intrinsio luminosity of the nobiilar snUHti^iiirc. 
not to the quantity ot. light received from tho ncbulco. (TJicj «11 h' 
tauGo of the cEindlo in Mr. Huggins’s observations is not oonHlituri’d 
in the result; it was a more lualLcr of convcnicnco.) 
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seem, for the most part, to give a continuous spectrum, 
but some of these objects give the bright line spectrum 
indicative of gaseity. The orders of nebula? which 
give a continuous spectrum appear to be the follow- 
ing (i.) star groups, (ii.) clusters, regular and irre- 
gular, and (iii,) easily resolvable nebuhe. Of the 
irresolvable nebulas a large proportion seem to bo 
gaseous.^ 

Here, then, we find the nebulce ranged into two 
important divisions, apparently sepiu’ated by a distinct 
line of demarcation* Yet one is temjited to inquire 
whether these divisions may not in reality run into 
each other by the fact that among nebulas of certain 
orders are objects belonging to both divisions* And 
the fact that beneath the bright-line spectrum of the 
gaseous uebulm a faint continuous spectrum may be 
seen seems also to point in the same direction, We 
know that, so far as the telescopic appearance of the 
Ticbulm is concerned, there is very striking evidence 

* Tho following olassiftcation of nobulai in this rospcot, by Lord 
Oxmantown, is intorosthig as indicubiiig the tcsiiUs o£ obsoiwatlons 
inado with bo powerful an inslruraont ns tho great rarsoiistown 
fccloBcopo (tho fi-fcot rodcotor). 


Olustors . , . r , 

ContlinuniB 
Bpcotfiitn 
, 10 

□ dfSCOllA 

Bpeotruni 

0 

Certainly or probably resolved 

• C 

0 

Oortainly or j)robably rcsolvablo 

. 10 

C 

lliuo, or green, no resolvability 

, 0 

4 

No resolvability doteoted 

0 

C 

Total observed , , 

. 31 

15 


Adding nobula3 not obsorvofl at Pnrsojistown, tlicro aro in iiU 41 
which cxlubitcd a continuous spectrum, and 10 which gavo a 
tnim hull call VO of gusoity. 
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of a gradual progression from clusters to irrosolviil^l*- 
nebuloBj and therefore we are led to inquire wliotli***' 
the spectroscope conveys a similar lesson* 

Now this question could only be answered satinfac- 
torily by the observation of a series of nebnlm 
spectra progressively varying, from bright lines on i 
almost mvisible continuous spectrum to a contiiinonH 
spectrum with the same bright lines superposed on if > 
but almost imperceptible, because their brightnesw 
little exceeded that of the continuous spectrum. 'NVcj 
have no evidence of such completeness. But Captain 
Herschel has observed in the southern heavens a 
tering nebula with a continuous spectrum, on whifih 
he could just detect the three bright lines seen in fclit? 
spectra of the gaseous nebulm. So far as this evi- 
dence extends, the conclusion is obviouH that hliiJ 
various orders of nebuloc are orders of but a sinfflti 
family. It will be seen presently that this concliunoi i, 
which is strikingly corroborated by other evidence;, 
has a very important bearing on the views we are bo 
form respecting the relations between the nobulm aiwl 
the sidereal system. 

The first process by which we must attempt to 
form a correct estimate of the nebular system corre*- 
spends to Sir William Ilersehel’s process of stfir— 
gauging. We must inquire according to what goneiuvl 
laws the nebulae are spread over the vault of heaven. 

Now, when this is done, it appears that there in 
a well marked peculiarity in the arrangement of 
nebulae, a peculiarity as striking as the existeneo of 
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the gahiotic oivcle itself. The nebnlce seem to withdYaw 
themselves fnmi the neighbourhood of the galaxy* In 
the northoni liouvens they cluster very definitely to- 
^Vflrdfi the pole of the galaxy ; in the southern they are 
arranged in streaina and clustci'ing aggregations, but 
the galaxy itself is, in either case, left almost clear of 
nel)u]fjo. 

If this peculiarity is accidental, the coincidence 
involved is most reinarkabhj. Had there been a ssoiic 
of nebuhn, and that zone had shown a tendency to 
coincideiioQ with the Milky Way, the relation would 
have been thought strilcingly indicative of a real asso- 
ciation between the nebular and the sidereal systems. 
But is the direct converse of this relation more likely 
to be the effect of chance ? Have not observers and 
experimenters concluded (in every other similar in- 
stance) that a law of contrast is us indicative of a 
real connection as a law of association? Is it not most 
surprising, therefor (5, that nearly all astronomers who 
have considered the relation in question have regarded 
it us uffordiiag strong evidonoe that the nebular system 
is wholly dissociated from the sidereal? 

Next let us turn to special features. In the first 
place, let us inquire whether the different orders of 
nebulas exhibit any peculiarities of arrangement. 

We find that clusters exhibit a very marked prcifer- 
enco for the neighbourhood of the Milky Wayj resolv- 
able nobiiho seem to prefer the galactic y.one, but not 
in so decided a manner ; and it is only among the irre- 
solvable ncbuloi that we recognise that withdrawal from 
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the Milky Way which had seemed characteristic of the 
whole nebular system before wo considered its several 
orders. The fact ihat the irresolvable nebute form 
about four-fifths of the total number will account for 
the circumstance that a peculiarity really appertaining 
to that order alone should appear to belong to the 
whole system of nehulsa. 

Again, the planetary and irregular uebulm are found 
to affect the neighbourhood of the Milky Way. I have 
already mentioned that these objects arc gaseous, 

It is easy to see what general conclusions may be 
deduced from the peculiarities here touched upon. 
Obviously the first shows us most distiiiotly that there 
is a relation between propinquity to the hlilky Way 
and the character of nebul© as respects resolvability — 
a relation which points in the most decisive manner to 
the existence of a close association between the sidereal 
system of which the Milky Way certainly forms i)arfc, 
and the nebular system from which clusters and re- 
solvable nebulro cannot reasonably be separated. It ia 
equally obvious that the second peculiarity indicates 
the existence of a close association between the Milky 
Way and the character of the nebulro as respects 
gaseity ; a relation which brings all the gaseous nebulm 
into close association with the sidereal system, since we 
know that among the extra-galaotic nebulm there arc 
many which are principally formed of the very same 
gases which appear in the irregular and planetary 
nebula}. When we consider that those peculiarities 
of configuration and of constitution which have alilce 
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Boemfifl to indicate that the various orders of nobulas 
merge into each other by indefinable gradations arft 
both associated in a very distinct nranner with the most 
marked peculiarity of the sidereal system, and when to 
this wo add what has been already suggested by the 
relation of contrast between the irresolvable nebulrei 
and the Milky Way, the conclusion seems forcibly 
impressed upon us that the nebular and the sidereal 
systems are but different parts of one single scheme. 

But I pass on to other evidence, independent of 
what lias hitherto been adduced, and pointing with 
equal force to the same conclusion. 

In the northern heavens it is not very easy to 
exhibit any general law of arrangement associating tiro 
nebula) and the fixed stars. For reasons which yet 
remain to bo detected, there are in fact many marked 
points of dilferenco between the whole character of the 
heavens on the northern and on the southern side of 
the galactic zone. .But even in the northern heavens 
one peculiarity has been remarked, which is well 
worthy of caiM)ful consideration. Sir William Hersehel, 
while prosecuting his series of researches among stars 
and nehulffi, was struck by the circumstance that, after 
sweeping over a part of the heavens which was un- 
usually barren, ho commonly met with nebula) ; in- 
somuch tliat it was his practice at such times to call 
to his assistant (his sister, Miss Caroline Horschel) to 
‘prepare for nohuhn.’ This peculiarity was noticed 
also by Sir .Tohn Iferschel. 

Now what aro wo to understand by Buch a relation 
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ornmt mmr.m tuas' oun.s. 


HH ♦.{km? (Jan wo Hni»|nim> (Iiii(., owin/f (o miino (ilianijo 
iiciailoiii, o.\(ia'iinI /jaliixioH Iiavi' lioon pltiroil iilwayn 
ni)|toHil;o ilio l)iivon(.ro/|iniiH of l.lm Mysitciii ? ( )r, 

t!ul.l.ln;r iiHiilo Hiioli 11 iiofio)! uH (ilivioiiMly iiinvililtlo, mo 
uo 4,0 iiiui^'iiio iJiali wlioii itojiriiliiii|[ ovor IIhiiui Itarn'ii 
mprniK Mm aHliainomor Ima a holior oliauco ol’ dofoi l iiti; 
indndm Mian wliont hIiith aro iimro riolily atii-wn, lir- 
(aiiiHii f.lio nicy ih loan lillial \vi(li f(]aio? \V« aio fmaa d 
lo (litaiiidii I, Ilia uo|,iiin tlial. Ilio liai I'oii ri'f;i>itia ol' ilio 
lu'avonn nro lliini in a nianiioi' (In* niiy-lioloii of ilw 
Huloroul Hynlt>iii, liy Mm fao(,(iivt-:ionlIy, ainl l-r imutlmr 
{nii’[)<)!io, III 1)11 (hvolh (til iimi’o all lini|'Mi) llial, in (Im 
jAJiiifollniiio (’louda, wlmiat tilani ol' all niai'iiitndoa loi' 
rmlily kI lovviij tiolnilai, oviin dtiwn In l|n< vory iainloiil, 
ordoi'9, aro inino almiidant, Mian in any oMmr ^•t•;;ion id' 
Mm InaivoiiHi Wo liiuai llnin iiniillioi' latin'lusiion l*t 
form, lint tliuli Mm nHHoaialion lluia oltHoivial liolwfou 
HlavlowH rogioiiH ainl rioliin-NH .d' imhniar .lisdriluilion 
indioalaiH a voiy olimo r(ilalic.n indood lioUvooiifdaia and 
nolnditij Mial, in t'nvi, tfm vrliiihi' hi, u, nnnn' r< fn'i'iwnl 
Ilia immin;/ HluvN ; tliiil l/ui riyhtti. vtlirri' m /nr/m 
apimir hau hpm UmhiUo/ Hlar 'm(,'rlnh, n„t„ 
m onkr lo form Uma, 

In Mio aonllmrii Iicuvoiih yol, itlojiiin* prind'H (‘xisl of 
an nHaoainlion )M!twot'ii Iho HloUar and imlailar Hyalotnii. 
Wo (1() not roiiagniHo in Min laallmrn Mklim any widl- 
inarkod Hlar-al,r<!HinH. In Mm Hiaillmin aid, -a, Imwovor, 
Bimh HlrimiiiH liuvo Inmii ^•('co,;niH(•d from llm oailimd 
agOH. Tim couHtollaliniiN llydiu h,„| KridannH, Mm 
two atronini) fmn Um Wat«r-(Jan yf Ai|uarlnM, and Mm 
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band 'bntweeii the Two Fishes,' indicate how clearly the 
y-Mionts traced certain well-marked star-streams. The 
moderns have traced the extension of some of these 
Htreams in the constellations G-rns, Hydra, Reticnlnm, 

into tiie near neighbourhood of the southern pole. 
Now the nebulm in the southern heavens exhibit a 
well-marked tendency to aggregate into streams. So 
that, in this mere resemblance between the general 
ohavao tori sties of the stellar and nebular systems in the 
southern heavens, we have a somewhat remarkable 
evidence of association. But when we consider the 
disposition of the two sots of streams — the stellar and 
the nebular — this evidence is very much strength- 
ened* There is found to be a well-marked corres2:)ond- 
eiice between the nebular and stellar streams, not 
merely as respects general position, but even in minute 
details — the nebular streams following the windings 
of the stellar ones. Such a relation would be very 
remarkable, even were it observed but in a single 
instance. Since, however, all the well-marked star- 
streams in the southern Leavens are associated with 
well-marked nebular streams, no doubt can remain 
that the relation is not a mere coincidence, but indi- 
cates a real association between the nebular and stellai 
systems. 

But yet more striking evidence remains to be con- 
sidered. 

* I’hongU PI sees la nofc a floiithcm constollatio-n, yet it la Konth 
ot fclio gulaotio oivolo, to which I am for tUo moment referring the 
oonstollationa. 
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In the southern heavens there are two stnmgo 
clouds of milky light, which have long been known by 
sailors as the Magellanic Clouds, but are commonly 
called by astronomers the Nubeculse. Each of these 
objects, when examined with the telescope, is found 
to be constituted, like the Milky Way, of multitudes 
of small stars. But unlike the Millcy Way, the 
Nubeculra contain within their bounds many nobuho 
of all orders. In fact, each of the Nubeculro is at 
once a star-cluster and a cluster of nebula!. 

Now there can bo no doubt whatever that the 
association hero is not accidental, that wo do not by 
some strange chance see a great star-cluster in the 
same direction as a much more distant .and much 
vaster cluster of external galaxies. Nor again can 
there be any doubt that the generally circular figure 
of each Nubecula indicates a general approach to the 
spherical form in the case of each cluster. The pro- 
bability that by some strange accident n cluster of 
cylindrical shape ’ might be so placed ns to exhibit to 
us a chcular figure is exceedingly small j but the 
chance that two such clusters should bo presented in 
so exceptional a manner may be regarded ns evanes- 
cent. We are compelled, then, to believe that, within 
the limits of spheres so placed as to subtend a small 
angle to the eye, stars of all magnitudes between the 
seventh and the twelfth inclusive are mixed up wilh 
nebulra of all degrees of resolvability. ‘Taking the 

' Or, more correctly, a olnstor slmpcd like n long rnistnm of n 
gigantic COHO, 
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apparent semi-diameter of the Nubecula Major at three 
degrees,* says Sir John Hersohel, ^ and regarding its 
solid form as, roughly speaking, spherical, its nearest 
and most remote parts diflfer in their distance from us 
by a little more than a tenth part of our distance from 
its centre.* ‘ It must therefore be taken as a demon- 
strated fact,* he adds presently, Hhat stars of the 
seventh and eighth magnitude and irresolvable nebulm 
may co-exist within limits of distance not differing in 
proportion more than as nine to ten.* This demon- 
strated fact of Sir John Hersohel*B is the very fact to 
which I had been led by other considerations, the fact, 
namely, that the nebulce are not external galaxies, but 
intimately associated with the sidereal system, of which, 
in fact, they form part and parcel. Dr. Whewell, 
accepting Sir John Herschol*8 reasoning as conclusive 
on the point, adopted the same view. And although 
Sir John Hersohel himself, immediately after establish- 
ing this noteworthy conclusion, speaks respecting it in 
a tone of philosophic caution, it must not be forgotten 
that to his clear vision the association between nebulce 
and fixed stars had presented itself as a demonstrated 
fact, and that even in the latest editions of his noble 
work on astronomy he has not altered the words in 
which he has spoken of that association, 

Lastly, and perhaps most strikingly, the associ- 
ation between stars and nebulm is indicated by the 
obvious connection between the figure of the irregular' 
nebulD© and the arrangement of tho^ star-grorips seen 
in the same field of view* There is not one of the 

ti . 
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irregulai’ nebulas nvhioh does not exhibit this peculiarity 
in the most striking manner. This may be asserted 
even of those nebuliB virith respect to which Sir John 
Herschel has remarked that the aiTaugement may be 
accidental. His own pictures seem to me to prove in 
bhe most convincing manner that no such explanation 
can he accepted. The mere aggregation of a large 
number of stars in the very heart of a nebula might 
be an accident. The fact, for instance, that the great 
irregular nebula surrounding the star Eta AvgtiB 
agrees exactly in position with the greatest condensa- 
tion of the wonderfully rich portion of the Milky Way 
on which that surprising variable lies, might be a 
mere coincidence, though in any case it would be a 
strange one. But when one examines the structure 
of tliiis and similar nehuloe, and finds that the stars arc 
arranged in a manner most obviously related to the 
an’angement of the nebular condensations (or folds as 
one may almost say), one cannot doubt that a real and 
intimate bond of association exists between the stars 
and the nebulous masses around them. If the exten- 
sion of the milky light of the great Orion nebula to 
the star t in the sword, which is centrally involved in 
strong nebulosity ; to 5 in the belt, which is similarly 
involved; and to several other stars in the constellation 
(all alike in occupying regions of increased nebular con- 
densation), be a mere accidental coincidence, then the 
laws of xirobability had better be forgotten as soon as 
possible ; for, as at present understood, they can only 
serve to lead men astray. 
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In the accompanying Plate is given a picture of the 
nehula Mossier 17, ns observed with Lassell’s four-feet 
reflector at Malta. I have selected it as affording a 
very striking instance of the particular form of associa- 
tion I have just been dealing with. No one can, I 
think, refuse to recognise the fact that the system of 
stars shown in this drawing is not accidentally seen 
projected on a distant galaxy, but forms part and parcel 
of the nebula itself.' 

The nobvda around the strange variable star, Eta 
Argfis, already referred to, is another remarkable 
instance of this sort. More than two years ago I 
ventured to make two predictions about this object. 
The first was a tolerably safe one. I expressed my 
belief that the nebula would bo found to be gaseous. 
After Mr, Huggins’s discovery that the great Orion 
nehula is gaseous, it was not difliciilt to see that the 
Argo nebula must also bo so. At any rate, this has 
boon established by Captain Hersohel’s spectroscopic re- 
searchoB. The other prediction was more venturesome. 
Sir John Hersohel, whoso oiiinions on such points one 
would always prefer to share, had expressed his belief 
that the nebula lies far out in space beyond the stars 
seen in the same field of view. I ventured to express 
the opinion that those stars are involved in the nebula. 
Lately there came nows from Australia that Mr. Lo 
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nebul(B in this region belong to one great nebulous 
group, which extends its branches to these stars. As a 
mighty hand this nebulous region seems to gather the 
stars here into close association, showing us, in a way 
there is no misinterpreting, that these stare and the 
nebula form one system. 

It will be noticed, as respects the two proofs on 
which I have last dwelt, that they seem directly 
opposed to those which I first quoted. One cannot 
argue, it might he urged, that the nebul?B are asso- 
ciated with the sidereal system because they are least 
numerous where there are most stars, and vice verm ; 
while at the same time one draws the same conclusion 
from the aggregation of the nebulae in streams or 
clusters where there are streams and clusters of stars, 
or from the fact that stars are seen actually mixed up 
with nebulous matter. At first sight this objection 
seems just | but, on consideration, it will be found that 
in reality, the two seemingly contrary lines of argument 
bear in the same direction. When we find the nehulse 
gathered where stars are wanting, and 
we conclude that there is some reason for this pecu- 
liarity, and that that reason must involve some sort of 
association between the nebulce and the stars 5 we see, 
further, that the relation is accounted for if we suppose 
that, in these cases, either the formation of nebulae 
has drained a region of material from which single stars 
would otherwise have been formed, or Wee Why , 

in a particular region, the formation of nebulsa should 
be encouraged, while the formation of stars should be 
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a des&rV What evidence could more clearly point 
to the fact that these great clusters are gathered out 
from a vast region of space ? Their internal structure 
teaches us how such a process of segregation lends to 
the birth of nehuhe as well as stars. The whole 
history of the sidereal system is indeed taught us in 
the Magellanic Clouds and the great streams of inter- 
mixed stars and nebulm which flow towards them as 
rivers towards some mighty lake. 

It I’emains that I should sum up the results 
which I have discussed in the last two chapters. It 
has seemed to many that my views tend largely to 
diminish our estimate of the extent of the sidereal 
system, The exact reverse is the case. According 
to accepted views there lie within the range of oui 
most powerful telescopes millions of millions of suns. 
According to mine the primary suns within the range 
of our telescopes must be counted by tens of thousands, 
or by hundreds of thousands at the outside. What 
does this diminution of numbers imply but that the 
space separating sun from sun is enormously greater 
than accepted theories would permit? And this in- 
crease implies an enormous increase in the estimate we 
are to form of the vital energies of individual suns. 
For the vitality of a sun, if one may be permitted the 
expression, is measured not merely by the amount of 
matter over which it exercises control, but by the ex- 
tent of space within which that matter is distributed. 
Take an orb a thousand times vaster than our sun, and 
spread over its surface an amount of matter exceeding 
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a thousand-fold the combined mass of all the planets of 
the solar system : so far as living force is concerned, 
the result is mL But distribute that matter through- 
out a vast space all round the orb : that orb becomes 
at once fit to be the centre of a host of dependent 
worlds* Again, according to accepted theoaies, when 
the astronomer has succeeded in resolving the milky 
light of a portion of the galaxy into star, he has in 
that direction, at any rate, reached the limits of the 
sidereal system* According to my views, what he has 
really done has been but to analyse a definite aggrega- 
tion of stars, a mere corner of that great system. Yet 
once more, according to accepted views, thousands and 
thousands of galaxies, external to the sidereal system, 
can be seen with powerful telescopes. If I am right, 
the external star-systems lie far beyond the reach of 
the most powerful telescope man has yet been able to 
construct, insomuch that perchance the nearest of the 
outlying galaxies may lie a million times beyond the 
range even of the mighty mirror of the great Ilosse 
telescope. 

But this is little. Wonderful as is the extent of 
the sidereal system as thus viewed, even more won- 
derful is its infinite variety, We know how largely 
modern discoveries have increased our estimate of the 
complexity of the jdanetary system. Where the ancients 
recognised but a few planets, we now see, besides the 
planets, the families of satellites ; we see the rings of 
Saturn, in which minute satellites must be as the sands 
on the seashore for multitude ; the wonderful zone 
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of asteroids j myriads on myriads of comets 5 millions 
on millions of meteor systems, gathering more and 
more richly around the sun, until in its neighbourhood 
they foim the crown of glory which bursts into view 
when he is totally eolipsedi But wonderful as is the 
variety seen within the planetary system, the variety 
within the sidereal system is infinitely more amazing. 
Besides the single suns, there are groups and systems 
and streams of primary suns 5 thei’o are whole galaxies 
of minor orbs 5 there are clustering stellar aggregations, 
showing every variety of richness, of figure, and of 
distribution 5 there are all the various forms of nebulae, 
resolvable and irresolvable, circular, elliptical, and 
spiral ; and lastly, there are irregular masses of luminous 
gas, clinging in fantastic convolutions around stars 
and star-systems. Nor is it unsafe to assert that other 
forms and varieties of structure will yet be discovered, 
or that hundreds more exist which we may never hope 
to recognise. 

But lastly, even more wonderful than the infinite 
viulety of the sidereal system is its amazing vitality. 
Instead of millions of inert masses, we see the whole 
heavens instinct with energy— astir with busy life. 
The great masses of luminous vapour, though occupy- 
ing countless millions of cubic miles of space, are 
moved by unknown forces like clouds before the 
summer breeze } star-mist is condensing into clusters ; 
stoi’-olusters are forming into suns 5 streams and clusters 
of minor orbs are swayed by unknown attractive 
energies} and primary suns singly or in systems are 
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CHAPTER Xm, 

BUPBRVISION AND CONTROL, 

It is a peculiarity of the subject of other worlds than 
ours that it suggests more strikingly than any other 
certain diBioulties in connection with conceptions as to 
supervision and control exercised over the universe. 

Let US consider definitely (even though we must 
be unable to conceive clearly or at all) the infinities 
we have to deal with. 

We know that space must be infinite, If the region 
amid which stars and nebulec are scattered in incon- 
ceivable profusion be limited, if beyond lies on all sides 
a vast void, or if, instead, there be material bounds 
enclosing the universe of worlds on every hand, yet 
where are the limits of void or bound? Infinity of 
space, occupied or unoccupied, there must undoubtedly 
be. Of this infinity it has been finely said that its 
centre is everywhere, its boundary nowhere. Now, 
whether within this infinity of space there be an in- 
finity of matter is a question which we cannot so cer- 
tainly answex’* Only, if we were to accept this as 
certain, that the proportion which unocouined bears 
to occupied space cannot be infinitely great — a view 
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which at least seems reasonable and probable — then it 
would follow that matter as well as space must be 
infinite, since any finite proportion of infinity must 
itself also be infinite. 

Time also must undoubtedly be infinite. If the 
portion of time which has hitherto been, or which will 
hereafter be, occupied with the oecurrence of events 
(of whatever sort) were preceded and will be followed 
by a vast void interval, yet there can be neither be- 
ginning nor end to either of those bounding voids* 
Infinity of time, occupied or unoccupied, there must 
undoubtedly be. And though it is not possible for us 
to know certainly that there has been no beginning, or 
that there will be no end to that portion of time which 
is occupied with the occurrence of events (of whatever 
sort), yet it appears so unreasonable to conceive that 
unoccupied time bears an infinitely groat proportion to 
occupied time that wo seem led to the conclusion that 
occupied time is infinite — or, more definitely, that 
there has been no beginning and will be no end to 
the sequence of events throughout the infinitely ex- 
tended universe. 

Now to conceive of limits to the wisdom and power 
of One whoso realm is infinite in extent and in dura- 
tion is obviously to conclude that the ruler is in- 
finitely incompetent to rule over His kingdom: for 
there can be no relation between the finite and the 
infinite save the relation of infinite disproportion. 

Senses such as we have we can no more attribute 
to such a Euler than we can assign to Him hands and 
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foot. Nor can we conceive in what way He can he 
cognisant of material processes which we only recognise 
through their material effects. Yet we can scarcely 
conceive of Him us other than cognisant of all those 
processes by which our senses can be affected. 

But before considering the nature of such a Being’s 
supervision of His universe, wo may proceed a step 
further. The senses we possess are suCScient to indicate 
to us the possible existence of senses not merely far 
more acute, but of a wholly different kind. By the 
sense of touch, for instance, we can indeed recognise 
the feeling of heat; but it is easy to conceive of a sense 
(analogous to that by which light is made to teach us 
of the aspect of external objects) enabling men to 
judge of the figure, substance, internal structure, and 
other qualities of an object by the action of the heat- 
waves proceeding from it. Or again, electricity, instead 
either of light or of heat, might be the means of com- 
municating intelligence as to the qualities of objects. 
We can conceive also of a sense bearing the same 
analogy to sight that the spectroscope bears to the 
telescope. And a hundred kinds of sense, or in other 
words, a hundred modes of receiving intelligence about 
what exists or is going on around us, might be readily 
conceived. 

Yet once more, we know that reason is able to range 
beyond the action of the senses. Man is able to assure 
himself that events have happened which yet have 
produced no direct effect upon any of his senses. By 
the exercise of reason he becomes as well assured ol 
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such events as though they had actually passed before 
his eyes. An analogous power, but infinite in degree, 
infinitely rapid in its operation, and infinite in the 
extent of space and time over which it ranges, we may 
conceive to be possessed by a true Euler over the 
universe. 

And now let us notice some of the conclusions to 
which these considerations tend. 

Let us first deal with the teachings of that sense 
which is the most far-reaching * of all the faculties 
given to man — ^the sense of sight. 

In a little treatise called ‘ The Stars and the Earth,’ 
published anonymously several years since, some re- 
sults of modern discoveries respecting light were dealt 
with in a very interesting manner. I propose to follow 
the path of thought indicated in that treatise, as a 
fitting introduction to wider conceptions of supervision 
and control over the universe. 

We know from Efimer’s researches, and even more 
surely from the phenomenon termed the aberration of 
the fixed stars, that light does not travel with infinite 
velocity, Its speed is indeed so enormous that, com- 
pared with every form of motion with which we are 
familiar, the velocity of light appears infinitely gmat. 
In a single second light traverses a space equal to 

‘ Moat poraons, if asked whloh aense oomea next to sight in 
this rospeot, would answer hearing. Tot or rather /aeZswY?— 

has a range far exceeding that of hearing, ainoe we oan feel the 
heat emitted hy the sun. Nor is it diffloult to conceive of such nn 
inoreaao in tho delicacy of the sense of touch that even the minute 
(unoimt of heat received from the fixed stars might bo felt, and so 
tho range ®f the sense extended many million-fold. 
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Blglit times the circumference of the earth } and there- 
fore in travelling from any visible object on the earth 
to the eye of a ten-estrinl observer, light occupies a 
apace of time indefinitely short. Yet even as regards 
such objects as these light has occupied a real interval 
of time, however minute, in reaching the eye ; inso- 
much that we see objects not as they are at the 
moment we perceive them, but as they were the 
minutest fraction of a second before. 

Eaising our eyes from the earth to regard the celes- 
tial objects, we find, in place of the indefinitely minute 
interval before considered, a really appreciable space 
of time occupied by light in caiTying to us information 
as to the condition of those distant orbs. From the 
moon light takes little more than a second and a 
quarter in reaching us } so that we obtain sufficiently 
early information of the condition of our satellite. 
But light occupies more than eight minutes in reach- 
ing us from the sun 5 a longer or shorter interval in 
travelling to us from Mercury, Venus, and Mars, 
according to the position of these planets j from about 
thirty-five to about fifty minutes in reaching us from 
Jupiter 5 about an hour and twenty minutes on the 
average in speeding across the great gap which separates 
us from Saturn; while we receive intelligence from 
Uranus and Neptune only after intervals respectively 
twice and three times as great as that which light 
takes in reaching us from the ringed planet. 

Thus, if we could at any instant view the whole 
range of the solar system as, distinctly as we see 
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Jupiter or Mars when in opposition, the scene pre- 
sented to ns would not indicate the real aspect of the 
solar system at that, or indeed at any definite instant* 
Precisely as a daily newspaper gives us a later account 
of what is going on in London than of events happen- 
ing in the provinces, of these than of events on the 
Continent, and of these again than of occurrences 
taking place in America, Asia, Africa, or Australasia, 
so the intelligence brought by light respecting the 
various members of the solar system belongs to dif- 
ferent epochs* If man had powers of vision enabling 
him to watch what is taking place on the different 
planets of the solar system, it is clear that events 
of the utmost importance might have transpired— 
under his very eyes, so to speak — while yet he re- 
mained wholly unconscious of their occurrence. Or, 
to invert the illustration, if an observer on Neptune 
could see all that is taking place on the earth, he 
might remain for hours quite unconscious of an event 
important enough to affect the welfare of a whole 
continent, though that event should happen under his 
eyes, and his visual powers be such as I have sup- 
posed. We can imagine, for example, an observer on 
Neptune watching the battle of Waterloo from the 
early dawn until the hour when Napoleon^s heart was 
yet full of hope, and our great captain was watching 
with ever-growing anxiety, as charge after chai’ge 
threatened to desti’oy the squares on whose stedfast- 
ness depended the fate of a continent* We can con- 
ceive how full of interest that scene would have been 
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an intelligent Neptunian, and how eagerly he ^7onld 
JuiVQ watehed the inanoauvres of either army, and also, 
what neither army knew of, the approach of Blucher 
With Mb PruBBians, Yet, while our Neptunian would 
thus have traced the progress of the battle from his 
distant world, the conflict would in reality have been 
long ainoe decided, the final charge of the British 
army accomplished, the Imperial Guard destroyed, 
Napoleon fugitive, and the Prussians, who to the Nep- 
tunian would be seen Btill struggling through muddy 
roads towards the field of battle, would have been 
relontleesly pursuing the scattered army of Franco. 

It is, however, when we pass beyond the limits of 
11 10 solar system that the non-contemporaneoiia nature 
of the scene presented to us becomes most striking, 
.riore W 0 have to deal not with seconds, minutes, or 
hours, but with years, decades, and centuries. From 
the nearest of the fixed stars light takes fully three 
years in. travelling to the earth. Even the star 
61 Oygni is so far from us that its light only reaches 
tiB in seven years. And so far as observation has 
hitherto gone, it seems unlikely that amid the whole 
hoat of heaven the^^e are so many as a hundred stare — 
lucid or telescopic — whose light reaches us in a shorter 
interval of time than twelve or fifteen years, Wliat- 
over views we form as to the arrangement of the aide- 
real scheme, whether those usually accepted be held 
to be correct, or whether I have been right in adopting 
others, there can be no doubt that, amongst the stars 
revealed to us by the tele,scope, there must he myriads 
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which lie many times farther from us than the bright 
star in Centauriis and the orb in Cygnus which have 
been found relatively so near. In fact, the views 
I have adopted respecting the wide range of magnitude 
among the fixed stars do not interfere in the least 
with the theories which have been formed aa to tlio 
distances from beyond which the light of some of tlie 
stars, only just visible in powerful telescopes, must be 
reach us. On the contrary, one may con- 
ceive, according to my views, that some of these faintly 
seen orbs may be many times larger even than giant 
Sirius, in which case the distance of such stars would 
be many times greater than has been hitherto supposed. 
Wo may certainly assume with confidence that many 
stars only visible in powerful telescopes shine from 
beyond depths which light would occupy thousands of 
years in traversing. I cannot, indeed, go fai’ther, as 
astronomers have hitherto done, and say that the 
nebulae must be regarded as external galaxies, and 
therefore as sending their light to us over spaces 
which light must take many times as long an interval 
in traversing as it does in travelling to us from the 
bounds of our own galaxy. But it would be to mis- 
intei'pret altogether the views which I have formed 
respecting the universe to suppose that I imagine 
those distant spaces which astronomers have hitherto 
filled with imaginary galaxies to be untenanted. On 
the contrary, I have no doubt whatever that galaxies 
resembling our own exist at distances infinitely ex- 
ceeding those at which astronomers have placed their 
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most distant nebular universes, if even the bounds of 
our own galaxy do not extend into space as far as the 
widest limits hitherto assigned to the system of nebulae. 
So that I am not precluded from speaking of orbs 
whose light, though unrecognised by us, is yet ever 
pouring in upon the earth, conveying, in letters 
we cannot decipher or even trace, a message which 
has taken millions on millions of years in traversing the 
awful gulf beyond which lie those mysterious realms. 

If we conceive, then, that man’s visual powers could 
suddenly be so increased that, without instrumental 
aid, he could look around him into the celestial depths, 
piercing even to those outer galaxies which astronomers 
have seen only imaged in the nebulce, how wide would 
be the range of time presented to him by the wonderful 
scene ho would behold 1 There would blaze out Alpha 
Centarrri with its record three years old; there the star 
in Cygnris as it existed seven years since ; the whole host 
of stars known to man would exhibit records ranging 
from a few years to many centinies in age ; and lastly, 
the external galaxies, which are perhaps for over hidden 
from the searching gaze of man, would reveal them- 
selves as they were ages on ages before man appeared 
upon the earth, ages oven before this earth was framed 
into a globe, nay, ages perhaps before the planetary 
system had begun to gather into worlds around its 
central orb. 

It is when we are thus contemplating in imagina- 
tion the whole expanse of the universe, and as one 
almost may say the whole range of past time, that the 
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author of the little treatise I have spoken of invitea 
us to consider two processes of thought having solo 
reference to this earth on which we live, and to that 
history which, though all-important to ourselves, secina 
to fade into such utter insignificance in the presence of 
the gi’and history of the orbs which lie in uncounted 
millions around us. 

To a being placed on some far distant orb, whence 
light would occupy thousands of years to wing its 
flight to us, there would be presented, if he turned hm 
gaze upon our earth, and if his vision were capalde of 
telling him of her aspect, the picture of events whicli 
thousands of years since really occurred upon her 
surface. For the light which left the earth at tlmt 
time, winging its way through space with tlie account, 
if we may so speak, of those occurrences, is now tra- 
velling as swiftly as when it left our earth, but amid 
regions of space removed from us by a light-journey 
thousands of years in duration. And thus, to the ob- 
server on this distant orb, the events which happened in 
the far-off years would seem to be actually in progress* 
But now conceive that powers of locomotion com- 
mensurate with his wonderful powers of vision wore 
given to this being, and that in an instant of time he 
could sweep through the enormous interval separating 
him from our earth, until he were no farther from us 
than the moon. At the beginning of that tremendous 
journey he would be watching events which were 
occurring thousands of yeai’s ago 5 at its close he would 
gaze upon the earth as it was one second only before 
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he undertook Ida inBtantaneoua flight ; so Uiat, in. the 
courae of liia journey, he would gaze upon a auceeasion 
of events which had occurred during those thousands 
of years upon the face of this little earth. 

The other conception is no less beautiful and striking 
— may remark, also, that it is, in a scientific sense, 
somewhat more exact. Suppose that a being armed 
with such powers of vision as wo have imagined should 
watch from the neighboiu'liood of our earth the pro- 
gress of some interesting event. If he then began to 
travel from the earth at a I’ate ecjual to that at which 
light travels, ho would see one phase of the event con- 
tinually present before him, because he would always 
be where the light-message recording that event was 
actually travelling. By passing somewhat less swiftly 
away, he would see the event taking place with sin- 
gular slowness j while passing away more swiftly, 
he would see the event occurring in inverted order. 
Suppose, for example, he was watching the battle of 
Waterloo— he could gaze on the fine picture presented 
by the Imperial Guard as they advanced upon the 
ISngUsh army, for hours, years, nay, for centuries or 
cycles ; or ho might watch the whole progress of the 
charge occurring so slowly that years might elapse 
between each step of the advancing column, and the 
bullets which mowed down their ranks might either 
seem unmoving, or else appear to wend their way with 
scarcely perceptible motion through the air j or finally, 
he might so wing his flight through space that the 
Guard would seem to retreat, their dead men coming 
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to life as the bullets passed from their wounds, until at 
length the Old Guard would he seen as it was when it 
began its advance, in the assured hojie of deciding 
Waterloo, as it had already decided so many hard- 
fought battles for its Imperial Chief. 

It may seem hypercritical to notice soientifio in- 
exactness in ideas professedly fanciful. But as tho 
author lays some little stress upon the soientifio truth 
of the method in which his fancies are exhibited, and 
as, fiuther, he dwells upon two of the more obvious 
objections to the first conception, it may be well to con- 
sider a further objection, which enforces on ua a total 
change in the way of presenting the idea. He remarks 
that the being he has conceived to he home towards 
the earth through a distance so enormous would nofc 
see in a moment the whole history of the earth dur- 
ing the thousands of years considered, but only the 
history of that hemisphere which was turned towards 
him I while, further, all that took place under roofs or 
under cover of any sort would remain unperceived by 
him. But there is a more serious objection. Amongsb 
the events which have taken place during those thou- 
sands of years have been thousands of revolutions of 
the earth around the sun, and more than 365 times as 
many rotations of the earth upon her axis, to say 
nothing of the stately sway of the earth in her motion 
of precession. So that our imaginary observer would 
in reality see the earth whirling with inconceivable 
rapidity upon its axis, and sweeping with even more 
tremendous velocity aa’ound the sun, so as to complete 
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thousands of circuits in a single second. lie would 
see clouds forming and vanishing in an amazing suc- 
cession of changes, all occurring in a single instant. 
And even though his powers of vision enabled him to 
pierce the cloud-envelope, he would not have a conse- 
cutive prosoiitmeut of the various events occurring in 
any part of the earth, but only a haphazard succession 
of lialf days for each portion of her surface. 

However, we can easily see that, by a slight modi- 
fication, the beautiful conception of our author can be 
made to illustrate one mode at least in which the events 
occurring upon our earth may be conceived to be at 
all times present to the thoughts of an Omnipresent 
Being. Imagine a sphere with a radius over which 
light would travel in the time which has elapsed since 
living creatures first began to move upon this earth, 
and having for centre the place occupied by the 
earth at that instant. Then, if we imagine millions 
of eyes over the surface of that sphere, all turned 
with piercing powers of vision upon the central earth, 
wo see that to these eyes the earth would be pre- 
sented by the record of light, not as she is now, but 
as she was at that primroval day. Now, conceive 
those millions of eyes closing swiftly in upon the 
earth, but with this peculiarity of movement, that, 
instead of being always on a sphere around a fixed 
point, they were always on a sphere around the posi- 
tion which was really occupied by the earth when the 
light-messages started which those eyes were receiving 
at the moment. Then if that wondrous sphere con- 
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tract ed in an instant, according to the law assigned it, 
until ita myriad millions of eyes were gazing intently 
on our earth from a sphere of but a few thousand miles 
in radius, the whole history of the earth, so far as light 
could render it, would have been in a moment of time 
presented before the myriad-eyed sphere. 

By extending these considerations to other modes 
in which the history of an event is recorded, so to 
speak, by natural processes, we can see that a much 
more con*plete and definite picture of past events than 
light can convey must be at all times present in the 
universe. A sense which could analyse heat-impres- 
sions as eyesight analyses light, would tell us not 
only what eyesight tells us, but much that no light- 
messages can convey to us. At least it is conceivable 
that a sense of this sort would enable the being pro- 
vided with it to recognise not merely the nature of the 
surface of any body whoso heat reached the organ of 
this sense, but the quality of the body’s internal struc- 
ture, processes going on within the body, or the nature 
of bodies so placed that eyesight would not render us 
sensible even of then existence. Electricity, in like 
manner, would avail to give information altogether 
distinct from that which light can impart, 

But again, the senses by which we judge of what is 
going on around us are after all merely certain means 
by which we judge of causes by their effects. When we 
say, for instance, that we have seen such and such an 
object, or watched such and such an event, what we 
really imply is that we have recognised certain physical 
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impressions which we can only explain by the 
isteuce of that object, or by the occuvrenee of that 
event. We know, in fact, that in certain exceptional 
cases impressions resembling those caused by the 
actual presence of an object, or by the actual occur- 
rence of some event, may arise whore no such object 
has been present, or where no such event has taken 
place. Still, we commonly feel safe from error in 
concluding from certain impressions conveyed to the 
mind by the agency of the senses that certain objects 
have been really present, at rest or in action, 
before us, 

But then, oven man, limited as are his powers, can 
yet follow a series of effects and caiisea far more 
numerous than those concerned in the act of vision; 
and 80 he can become certain of the occurrence of past 
events of which no sense he possesses gives him any 
direct information. For example, though I neither 
saw the battle of Waterloo nor heard the thunder of 
the guns there, yet I am us certain that the battle 
really took place as though sight and hearing had 
given me direct information on the matter. And 
when I inquire whence that certainty mses, I find 
a complicated scries of events involved in my acqui" 
sition of the knowledge that the battle took place. 
My interpretation of the letterpress account of the 
battle involved in itself a number of more or less 
complex relations, associated with the question of 
my confidence in those who taught me that certain 
symbols represented certain letters, that certain com- 
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binations of letters represented certain vf^ords, and 
that certam words represented certain ideas. Not to 
follow out the long train of thoughts thus suggested, 
it will be clear that, with regard to a variety of 
matters, the knowledge which any man has is asso- 
ciated with considerations of cause and effect, of 
general experience, of confidence in the accounts of 
others or in his own judgment, which are in reality of 
a highly complex character. 

Now, we are led by these thoughts to remember that 
independently of those records of past events which 
ai*e continually present throughout the universe in 
processes resembling those which directly affect our 
senses, such events leave their record (even to their 
minutest details) in the consequences to which they 
have led. If a great naturalist like Huxley or Owen can 
tell by examining the tooth of a creature belonging to 
some long extinct race, not only what the characteristics 
of that race were, but the general natui’e of the scenery 
amidst which such creatures lived, we see at once that a 
single grain of sand or drop of water must convey to an 
Omniscient and Omnipresent Being the history of tjio 
whole world of which it forms part. Nay, why sliould 
we pause here ? The history of that world is in truth 
bound up BO intimately with the history of the universe 
that the grain of sand or drop of water conveys not 
only the history of the world, but with equal complete- 
ness the history of the whole universe* In fact, if we 
consider the matter attentively, we see that there can- 
not be a single atom throughout space which could 
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have attained its present exact position and state, had 
the history of any part of the nniverse, however 
insignificant, been otherwise than it has actually been, 
in even the minutest degree* 

Turning from the past to the future, we must not 
lot the limited nature of our recognition of the course 
of future events prevent us from forming a just 
opinion as to the way in which the future is in a sense 
always present. We can judge of the past by its 
effects, but we are almost utterly unable to judge of 
the future by its causes. Yet we cannot doubt that 
the future is present in its germs, precisely as the past 
is present in its fruits. It may be regarded in fact as 
merely a peculiarity of man’s constitution that the past 
is more clearly present to his mental vision than the 
future. It is easy not only to conceive that the future 
and the past should be equally present to intelligent 
creatures, but to conceive of a form of intelligence 
according to which past events would he obliterated 
from the mind as fast as they took place, while the 
future should bo as actually present as to the ordinary 

human mind the paab is* . • 

In considering the Omniscient Omnipresent Being, 
however, all questions of degree must be set on one 
side. The futm-o must he absolutely and essentially 
present to such a Being in its germs as the past has 
been shown to he in its fruits. If a grain of sand con- 
tains in its state, figure, and position, the picture of the 
universe as it is, and the whole history of the universe 
throughout the infinite pasb-and who can doubt that 
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this is so ? — it eoiitains with equal completeness the 
history of the universe throughout the infinite future. 
No other view is compatible with the assumption of 
infinite wisdom, and no assumption which limits the 
wisdom of a Euler of an infinite universe is compatible 
with our belief in the fitness of such a Euler to reign 
supreme over the universe. 

Obviously also every event, however trifling, must 
be held to coutain in itself the whole history of the 
universe throughout the infinite past and throughout the 
infinite future. For every event, let its direct import- 
ance be what it may, is indissolubly bound up with 
events, preceding, accompanying, and following it, in 
endless series of causation, inter-aotion, and effect. 

So fai’, then, as the supervision of a Euler over the 
universe is concerned, we have two lines of thought, 
each leading to the recognition of perfect supervision. 
In virtue (1) of the omnipresence, and (2) of the infinite 
wisdom of such a Euler, He could see at each instant 
the whole universe as it has been in the infinite past, 
as it is now, and as it will be in the infinite future ; 
and this being as true of any one instant as it is of any 
other, we recognise the operation of yet a new form of 
infinity — the infinite duration of the Euler’s existence 
— to render yet more inconceivably perfect His super- 
vision of the universe. 

With regard to control it need hardly be said that 
if a Eulei does exercise control, aj)ai*t from the laws 
assigned to His universe, His knowledge of the pro^ 
gresB of past and futm’e events would not therefore be 
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called in question, since His own diveot action, whether 
in the past or in the future, would he quite ns much 
the subject of His consciousness (to use this word for 
want of a better) as the action of His creatures or of 
the laws He had primarily set them. 

We know that certain laws have been assigned to 
the universe, and we know, also, that, so far as our very 
limited experience enables us to determine, these laws 
are never abrogated. Here I set altogether aside, for 
the moment, the possibility of miracles (since miracles 
would necessarily be non-natural events), and consider 
only the results of experimental or observational 
science. Thus we are led to the conolusion that all 
things happen according to set physical laws; and we 
see strong reason to believe that these laws are 
sufficient for the control of all things. 

Now it seems conceivable that in reality it is only 
our limited acquaintance with the operation of the 
laws of the universe which makes us regard them as 
unchanging, and so to speak inexorable. But I 
think that this view — though it has been entertained 
by many thoughtful men— is in reality inconsistent 
with just conceptions of infinite wisdom. If the 
wisdom of a Euler of the universe, though inconceiv- 
ably great, were yet finite, we could not suppose that 
the universe would have been so planned (still to use 
inexact words for want of better), and laws of such a 
nature assigned to it, that throughout the infinity of 
time all things should work well. There would then, 
undoubtedly, be continual need of adaptation, change, 
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and remodelling — of the annulment of a law here, or 
its suspension there — -in order that the whole might not 
fall to wrack. But with a Euler infinitely wise, there 
Rhould be no such necessity. The whole scheme of 
the universe would he so perfect that direct interven- 
tion would not at any time be required. 

To sum up, we perceive that, before a Euler omni- 
present, omniscient, and omnipotent, the infinite past 
and the infinite future of the universe would be at all 
times sensibly present ; that each the minutest atom 
and every the least important event would exhibit 
before Him at each instant the perfect history of the 
limitless past and future of the universe \ and lastly, 
that Hifl infinitely perfect consciousness of, and con- 
trol over, all that has been, is, or will be, would be 
infinitely multiplied (to use the only available expres- 
sion) by the infinite duration throughout which His 
existence would extend. 
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